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ABSTRACT 
This t h e s i s comprises o£ s ix chapters . In the 
f i r s t chapter a de ta i led and uptodate l i t e ra tx i re of the 
subject has been reviewed. Nitrocompounds have been 
studied due to i t s v e r s a t i l e app l i ca t ions . Since the 
l i t e r a t u r e in nitrocompounds i s rap id ly growing and i t 
i s almost inqjossible to c i t e exhaustive references for 
each technique. Therefore an attempt has been made to 
give precise l i t e r a t \ i r e covering a l l the p o i n t s . Diffe-
r en t s p o t - t e s t s are used. Charge-transfer and cr-adducts 
are explained, which are formed between nitrocompoxjnds 
and d i f fe ren t e lec t ron r i c h bases . Uses and abuses of 
nitrocompounds liave been discussed. 
Second chapter deals with nanogram detec t ion of 
d i f fe ren t polynitroaromatics with sodium hydroxide in 
d i f fe ren t apro t i c solvents by three s p o t - t e s t s . Place 
one drop of the t e s t so lu t ion in d i s t i l l e d ethanol in 
the depression of a white spot -p la te followed by one 
drop of 3096 sodium hydroxide so lu t ion ( in conductivi ty 
w a t e r ) . Add one drop of acetone and note the colour . 
If the t e s t i s negative add 4 or 5 drops of acetone and 
again note the colour i f any. Repeat t h i s procedure 
replac ing acetone with dimethylformamlde (DMF) or 
dimethylsulphoxide (DMSO). Detection with r e s in and 
sodltan hydroxide p e l l e t were also performed, Ffellet-spot-
t e s t and DMSO have been found most sens i t ive method and 
solvent respec t ive ly . The following nitrocompounds gave 
a pos i t ive t e s t , 1-chloro-2,4-dinitrobenzene, 1-fluoro-
2,4-dini t robenzene, 2 , 4 - d i n i t r o a n i l i n e , 3 ,5-dini t robenzoic 
ac id , 2 ,4-dini t rotol iaene, 2 ,4-dini t rophenylhydrazlne, m-
dinitrobenzene and 1 ,3 ,5- t r in i t robenzene , A number of 
o ther organic compounds were found to in t e r f e re with the 
t e s t carbohydrates, ac ids , a lcohols , aldehydes, he t e ro -
cyc l ic bases , ketones, hydrocarbons and t h e i r de r iva t i ve s , 
e the r s , amino ac ids , a n i l i d e s , n i t r i l e s , amides, amines, 
phenols and miscellaneous compounds. The l imi t of i d e n t i -
f i c a t i o n of sojce nitrocompounds was determined. 
The th i rd chapter includes a novel and sens i t ive 
s p o t - t e s t fo r polynitroaromatics and t h e i r der iva t ives with 
sodiian su lphi te and dimethyl sulphoxide. Detection of n i t r o -
aromatics i s based on the colour reac t ion with sodium s u l -
phi te in the presence of an anion-exchange r e s in in Cl" form 
in the depression of a white spo t -p la te followed by acetone, 
DMF or DMSO drops, A v i o l e t colour appears on the surface 
of r e s i n beads ind ica tes a pos i t i ve t e s t of nitrocompounds. 
The following nitrocompounds gave a pos i t ive t e s t l^ the 
recommended procedure: 1-chloro 2,4-dini t robenzene, 1-
f luoro-2 ,4-dini t robenzene, m«dinitrobenzene, 2 , 4 - d i n i t r o -
to luene, 3 ,5-dini t robenzoic acid , 2,4-dini trophenylhydrazine, 
2,4-dlnltroaniline, 1,3,5 trinitrobenzene, 2,5,7-tri-
nitrofluorenone. A negative test was given by the follow-
.Ing functional groups. Amines, acids, hydrocarbons and 
their derivatives, carbohydrates, anilides, amides, amino 
acids, alcohols, ketones, aldehydes, ethers, nitriles, 
phenols and miscellaneous compounds. The limit of identi-
fication of nitrocompounds was studied, 
C3iapter fourth describes the spectrophotometric 
determination of a number of nitrocoinpounds, To an aliquot 
volume of nitrocompounds add 0,1 ml of 1M sodium hydroxide 
solution in a 5 ml standard volumetric flask. Make up the 
solution with definite ratio of DMSO:EtOH mixture or pure 
DMSO as the case may be with different nitrocompounds. The 
absorbance of the resulting colours was measxored at room 
temperature at the given wave-length against a reagent 
blank. The minimum amoimt of nitrocompounds was determined 
in the presence of a number of foreign substances. The 
optimum conditions were set for the spectrophotometric 
determination. The effect of reagent concentration, time 
vs absorbance solvent selection, precission were studied, 
Absorbance was also taken with sodium sulphite reagent. It 
was found that the Beer's Law obeyed for solution containing 
r 
4-40 ug/ml, Nitrocoiopoxjnds tested were 2,4-dinitroanil ine, 
2,4-dinitrotoluene, 2,4-dinitrophenylhydrazine, 3 ,5-dini t ro-
benzoic acid m-dinitrobenzene. 
4 
The f i f t h chapter includes de tec t ion of a l ipha t i c 
amines with 2 ,4 -d in i t roan i l i ne in the presence of an 
anion exchange r e s in in Cl~ form in d i f f e ren t aprot ic 
so lven ts . Place a few r e s i n beads in the depression of 
a white s p o t - p l a t e . Add one drop of the reagent so lu t ion 
followed by one drop of t e s t so lu t ion . Note the colour 
a f t e r adding acetone, DKiF or DKiSO respec t ive ly , A red 
colour appears on r e s in beads, A number of amines gave 
pos i t ive t e s t : ammonia, methylamine, dimethylamine, 
ethylamine, diethylamine, propylamine, n-butylamine, 
p ipe r id ine , cyclohexylamine, triioethylamine, t r i e t h y l -
amine, A number of organic compounds tes ted by the 
recommended procedure gave negative r e s u l t s . They include 
aromatic amines, ac ids , n i t r i l e s , e the r s , phenols, amino 
ac ids , amides, aldehydes, ketones e t c . Limit of i d e n t i -
f i c a t i o n Was summarized. 
The l a s t chapter contains i n t e rp r e t a t i on of HNmr 
spect ra of 2 ,A-d in i t roan i l ine with sodium t e l l u r i t e by 
spectrxjphotometric and conductometric s t u d i e s . Results 
found in t h i s s tudies suggested t h a t in a 1i1 complex 
more than 95% of conjugate base was formed alongwith a 
f r ac t ion of o- -adduct complex. S t a b i l i t y constant v,-^ n 
calculated for r ed -v io l e t coloured complex. Preliminary 
s tudies of other inorganic s a l t s with 2 ,4 -d in i t roan i l i ne 
were also described. 
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CHAPTER- I 
GENERAL INTRODUCTION 
1 
The fundamental importance of analytical chemistry 
is shown by the urgent demand o-f this branch of chemistry. 
Oxir present day knowledge of elements has been made possi-
ble by analysis and separations in all disciplines of 
chemistry which are dependent on analytical principles. 
Starting discoveries in medicine have been dependent on 
accurate analysis. It is possible for experimental re-
search to ascertain the composition of the product formed. 
The methods are accurate, simple, rapid, essential to 
economic control of chemical industries processes. 
In analytical chemistry the detection and deter-
mination of different organic functional groups contain-
ing compounds has been one of the most demanding problems. 
The analysis of organic compounds can be made by using 
instrumental methods such as IR spectrometry, uv-visible 
spectrometry, mass spectrometry, chromatography, coulo-
metry, conductometry, potentiometry, polarography, anpero-
metry etc. or by noninstrximental methods as spot-tests 
via colour reactions. 
Spot-test technique has been found to be most 
versatile and widely used method. Importance of spot-
test in qualitative analysis is due to the pioneering 
efforts of Feigl who has largely developed this technique. 
The term spot-test analysis applies to sensitive and 
2 
s e l e c t i v e d e t e c t i o n based on a chemical r e a c t i o n in which 
a drop of t e s t s o l u t i o n i s brought i n t o c o n t a c t w i th s u i t -
ab l e r e a g e n t on f i l t e r pape r , watch g l a s s or p o r c e l a i n 
p l a t e . I t i s a very simple and rap id method. Maximum 
s p e c i f i c i t y , s e n s i t i v i t y and s e l e c t i v i t y i s a t t a i n e d only 
by the p roper choice of r e a c t i o n c o n d i t i o n s fo r a n a l y s i s 
and by the use of masking agen t o r pH adjustcaent and thejre-
f o r e i t s use has been extended t o micro or even nanogram 
d e t e c t i o n of s u b s t a n c e s . 
The p o s s i b l e use of r e s i n beads as a r e a c t i o n 
medium and t o c o n c e n t r a t e the co lour on t h e r e s i n su r face 
2 
i s f i r s t demonstra ted by Fujimoto p a r t i c u l a r l y f o r the 
d e t e c t i o n of ino rgan ic i o n i c s p e c i e s and a few o rgan ic 
•5-6 3 
compounds of known co lou r r e a c t i o n s "^, West and Qureshi^^ 
a r e the f i r s t t o apply t h i s technique f o r the d e t e c t i o n of 
6-8 d i f f e r e n t o rgan ic f u n c t i o n a l groups eg . e s t e r s , amides, 
im ides , a n i l i d e s , a ldehydes , k e t o n e s , amino ac id s pheno l s , 
a l i p h a t i c amines , pr imary a romat ic amines, s u b s t i t u t e d 
h y d r a z i n e s and a c i d s e t c . 
10 For example the t e s t of e s t e r s i s based on ac id 
h y d r o l y s i s by c a t a l y t i c a c t i v i t y of the r e s i n beads in H"*" 
form and as d e t e c t i o n medium. The mechanism of the method 
i s s imple . Ion exchanger i n H form hydrolyze e s t e r s riore 
11 
e f f e c t i v e l y t han does an acid and no new ions a r e i n t r o -
duced in the s o l u t i o n , 
CH^C00C2H. + H2O "-^^^^ CH^ OOOH + C2H^0H . RH"*" 
3 
The ion exchanger is readily removed from the 
solution phase by decantation or filtration through a 
glass wool plug. The consequent decrease in pH is then 
detected with an indicator such as methyl red. 
1P 13 
Sucrose Inversion , ester hydrolysis , benzoin 
14 
condensation can be catalyzed by ion exchangers in the 
various ionic forms. The use of the solid ion exchangers 
has many advantages when compared with dissolved electro-
lytes. 
1. The catalyst can readily be removed from reaction 
products by filtration or decantation. 
2. The purity of the product is better since side 
reactions are minimized, 
3. Ihe ion exchange is more selective i.e. it 
distinguishes more sharply between the various re-
actant molecules and it may be considered to be half 
in selectivity between dissolved electrolytes and 
enzymes, 
4. No new ions are introduced in the reaction media 
except the ions which are produced as a resiilt of 
hydrolysis. 
Resin spot test has been successfully applied in 
microdetection of amide, imlde, anilide arxi nitriles in 
which the resin beads play dual role i.e. as a reaction 
4 
medium t o c o n c e n t r a t e the co lour on the r e s i n su r face 
and secondly as c a t a l y s t t o f a c i l i t a t e t h e i r ac id hyd ro -
l y s i s . The r e a c t i o n mechanism i s desc r ibed by the acid 
h y d r o l y s i s of amide, imide , a n i l i d e s and n i t r i l e s by 
c a t i o n exchange r e s i n i n H form r e s u l t i n g the fo rmat ion 
of cor responding acid and ammonia o r a n i l i n e ( i n case of 
a n i l i d e s ) . Ammonia gas and a n i l i n e pick-v?) on p r o t o n 
from r e s i n i n H form and they are conver ted t o NHA and 
CgHcNH, , These ions e a s i l y r ep laced H ions from the 
r e s i n and a re d e t e c t e d on bead su r face by means of 
N e s s l e r ' s r eagen t o r p-dimethylaminobenzaldehyde. Reac-
t i o n s a re as f o l l o w s : 
RH XCONH2 + HOH -i i i i^ XCOOH + HB^ 
NH + 2H0H RH 
COOH 
+ NH 
k-^^^COOH 
XCX)NHC 6% * HOH 
RH^  XCXDOH + CgH^NH2 
CgH5NH2 + HOH > RC^H^NH,' 
na jH^NH^^+OCHV'^ \ N ( CH,)^ — ^ RC^H NH (01^)2 
Pale yellow resin beads (X» alkyl or aryl gps). 
5 
Nitriles can be hydrolyzed with dilute sulphuric 
acid in the presence of resin beads (H form). The resin 
spot-test used for detection of nitriles is not only 
selective for them but can be used to differentiate 
nitriles from unsubstituted amides as they interfere with 
the test, 
dil.HpSO, „„+ 
Test I: XCN + HOH -^—% XCONH^ i^ XCOOH + NH, 
Heat 2 1> 
(X « a lkyl or a ry l group) 
XCOOH + NH^  ^ XCX)ONH^  
RH"*" +XCX)ONH, • RNH,"*" + XCOOH F b s i t i v e t e s t wi th 
Nessler«s reagent 
RH"*" Test I I : XCN +HOH -^^ Hydrolysis does not take place 
negative t e s t with Messier ' s 
reagent , 
17 Qrxeshi e t a l , extended the use of the ion 
exchange r e s in s as a c a t a l y s t for the determination of 
amides and e s t e r s . The acid hydrolysis of amides and 
e s t e r s i s done by using ion-exchange r e s i n in H form. 
The sample so lu t ion i s passed through a spec ia l ly designed 
column containing Amberlite IR-120 r e s in in H* form . Tiie 
ion-exchange column i s maintained a t a constant tempe 
a t 80°C.during the hydro lys i s . The eff luent i s recycled 
th ree times to ensure a complete quan t i t a t ive conversion. 
6 
The eff luent i s t i t r a t e d with a standard 0,05N sodium 
hydroxide so lu t ion . The amount of amide or e s t e r s 
present can be calculated from the corresponding acid 
produced. 
18 Qureshi developed a simultaneous microgram 
de tec t ion of ni t rogen, sulphur, chlorine and iodine in 
organic mixtures using r e s i n s p o t - t e s t . 
19 Qureshi also developed ion exchange method 
for the de tec t ion of a l i p h a t i c and aromatic aldehydes. 
An aqueous so lu t ion of aldehyde i s heated with sa turated 
sodium cyanide containing hydrogen cyanide (HCN) together 
with a s l i g h t excess of sulphuric acid and cat ion exchange 
r e s i n in H form, Hiis r e s u l t s the formation of cyano-
hydrin. The ion-exchange r e s i n in H form catalyzes the 
hydrolysis of the cyanohydrin to corresponding carboxylic 
acid and ammonia ion. Ammonia ion i s re ta ined by the r e s i n 
beads and i s t es ted by a drop of Nessler»s reagent . The 
r eac t ion sequence i s given below. 
0 
I 
RCHO + C N ' * ^ = ^ RCHOCN 
0 
RCHOCN + H2O >RCH(OH)CN + OH" 
RCH(OH)CN + HpO + Res"H"^  > RCH(OH)COOH + Res NH^ 
Res NH^  + Ness le r ' s reagent ^Red coloured beads. 
7 
g 
Tsuji used ion exchange r e s in beads for the 
de tec t ion of aldehydes. An aqueous so lu t ion of aldehydes 
i s mixed with a drop of 0.19^ 2-hydrozinobenzothia2ole 
so lu t ion (m-dimethyl formamide) and dimethyl ketone with 
a few beads of ca t ion exchange r e s in in H form. One 
drop of each of 0.19^ p-nitrobenzene diasonium fluoroborate 
so lu t ion and 5% potassium hydroxide are added. A pos i t ive 
t e s t i s indicated by a deep blue-greenish colour on the 
surface of r e s in beads. Anion exchange r e s i n in Cl" form 
are also lised. 
Resin spot t e s t i s simple, f a s t , se lec t ive and 
inexpensive. The other advantages of t h i s technique are 
as follows: 
1 . The coloured ionic species get concentrated on the 
r e s i n surface and hence increases the s e n s i t i v i t y , 
2 . The s t a b i l i t y of the colour in the r e s in phase i s 
of ten more than tha t in the aqueous phase sonvo-
times the colour in r e s i n phase progressively i n -
t e n s i f i e s with the passage of time, 
3 . The interference by other ions are appreciably 
minimised and renders the method more se lec t ive , 
The ions having a charge opposite to t h a t of the 
adsorbed ion species are excluded. 
8 
4 , These t e s t s are very simple in nature and require 
l i t t l e p r a c t i c a l s k i l l to perform them, 
A general reac t ion oX an aromatic nitrocompound 
containing 2 or 3 e lec t ron-a t t ack ing groups in m-positions 
with a sui-^ably ac t ivated anion in a lka l ine so lu t ion to 
give a v i o l e t to purple quinonoidal anion has been sugges-
20 ted by iiawicki . Aromatic nitrocompounds ac t as acids 
and a p a r t i c u l a r l y strong colour i s observed as these are 
converted in to a s a l t with a quinonoidal s t r u c t u r e . 
0N^;;:^^M02 
+ NaOH 
H OH 
O^-rsl-OMo-
The colour intensity produced by aromatic nitro-
compoimds depends on the number of nitro groups in the 
molecule. Mononitrocompounds give only a pale yellow 
co''our, those containing two nitro groups produce a blu-
ish violet colour, while a red colour is observed with 
compounds with three nitrogroups. The presence of amino, 
substituted amino or hydroxyl groups in the molecule may 
hinder the development of the colour. 
No general cclorimetric method could be adopted 
for the micro-determination of aliphatic or aromatic nitro-
9 
Compounds, This is due to the Tact that aromatic nitro-
compoiinds give various colour reactions with organic 
solvents and alkali depending on the number of nitro 
grotg)s present. Thus while mononitrocompounds react with 
dimethylformamide and tetraethylammonium hydroxide di- and 
trinitrocompounds react with acetone and alkali polynltro-
compounds react with fluorene, Di and trinltro aromatic 
compounds react with acetone (or alcohol) and alkali to 
produce red, violet or blue colours that are suitable 
for their identification and can also be used in quantita-
21 tive analysis. Bost and Nicholson reported that m-
dinitroaromatic compounds react with acetone and alkali to 
give quinonoid ions of limited stability. Small amounts 
of dinitrobenzene, dinitrochlorobenzene, dinitronaphthalene, 
dinitrotoluene and dinitroxylene were determined in the 
presence of their mononitro-derivatives by measuring the 
colour produced when an acetone solution of the sample is 
treated with a dilute alcoholic solution of sodium hydro-
22 23 
xide . Urbanski et al, ^  investigated the reaction of 
C^ _^ x'erent di- and trinitroderivatives of benzene and 
toluene with acetone and 30% potassium hydroxide solution. 
m-dinitrobenzene and trinitrotoluene were determined through 
their reaction with dimethyIketone and 40% or 50% sodium 
hydroxide solution respectively. 
Mononitro compounds generally do not yield colours 
other than yellow under similar conditions. However Bost 
10 
22 
and Nicholson reported that 3-nitro-4-aminotoluene gives 
an orange coloxir with acetone and sodium hydroxide and 
Carr obtained a colour with nitrobenzene in acetone upon 
addition of tetraethylammonium hydroxide. The quantita-
tive determination o-C some nitroaromatic compounds can be 
based upon the formation of yellow colotors in alkaline 
25 
solution eg. Huggins and Smith determined p-nitrophenol 
26 in alkaline solution and Porter used the yellow colour 
for the determination of 4:4 dinitrocarbanilide. 
Certain colorimetric methods for determination of 
mononitrocompounds have relied on conversion to the corres-
27 ponding dinitrocompounds which could then be determined 
by the production of a red violet colour with acetone and 
28 
alkali. Freeman succeeded in stabilizing the colour 
produced from the dinitrocompound by using dimethylforma-
mide and tetraethylammonium hydroxide instead of more usual 
reagents, acetone and alkali-0- and p-Nitroaniline, p-
nitrotoliiene and some of their derivatives produce orange, 
red or purple colours in dimethylformamide upon addition 
27 
0-." tetraethylammonium hydroxide . The colours are suffi-
ciently stable to provide a basis for the quantitative 
determination of several compounds. 
29 Freeman gave a direct colorimetric procedure S:/ 
the determination of chloramphenicol making use of the 
11 
s tab le red colour r e su l t i ng from the in t e rac t ion of 
a ry l n i t r o group of chloramphenicol with a diroethyl-
formamide-acetone so lu t ion in the presence of t e t r a e t h y l -
ammoniiim hydroxide and s ta ted t h a t the coloxir produced 
did not obey Beer 's law. 
Nitrophenols give colours in sodium hydroxide 
ided 
32 
solution when stannoiis chloride or glucose is ad . 
Symmetrical trinitrobenzene can be accurately determined 
by the red-coloured complex formed in the sodium ethoxide 
in benzene solution. 
35 
Ramachandran employed sodi\im borohydride reduc-
tion followed by a colorimetric determination for 2:4-
dinitrophenylamine acids and related derivatives, Nitro-
derivatives of benzene, pyridine and pyrimidine produce a 
violet Colour^ on treatment with sodium acetate,zinc and 
sodium pentacyanoamino ferroate but nitrofurans and nitra-
paraffins give no colour under the same condition. 
Sawicki and Stanley^ gave a new general ai.d 
sensitive test for most polynitroaromatic compounds. 
Generally a blue to green colour is obtained using fluo-
rene, 
Kissin and Kurakin reported the determination 
of small amounts of aromatic nitrocompoxjnds (eg, nitro-
benzene) in the presence of amino compounds (eg, aniline) 
1 
chrough t h e i r oxidat ive condensation using f e r r i c 
chloride and hydrochloric acid. The in t ens i ty o£ the 
pink colour produced a f te r heat ing for one hour a t 190° 
i s propor t ional to the concentrat ion of ni trobenzene. 
m-dinitrocoinpounds can be detected with a l k a l i 
metal cyanide producing a reddish brovm or v i o l e t colour 
o r p r e c i p i t a t e . This colour i s s tab le in d i l u t e acids 
whereas the colour produced by ni trophenols i s not . The 
coloured compounds are probably subs t i tu ted phenylhydro-
xylamlnes. For example 2 ,4-dini t rophenol reac t s with 
potassium cyanide with the formation of 4-nitro-2-l:ydroxyl-
amino-3-cyanophenol (purpuric acid) potassium s a l t . 
+ 2 KCN 
Mononitrobenzne, o-dinitrobenzene d e r i v a t ' / ' ario. 
1,5 dlni tronaphthalene do not give the reac t ion . 
37 
Tsuji e t al,-^' detected mononitrobenzene de r iva -
t ives with phenylace ton i t r i l e in dimethylformamide medium 
by the appearance of an orange or bliae colour in the spot-
t e s t . They reported r e s u l t s for 60 mononitrobenzene 
d e r i v a t i v e s . 
1 9 
38 Legradi dea l t with the de tec t ion o^ various 
39 
nitrocompounds, Sharma and Tiwari detected and determined 
some nitrocompounds with N,N ' -d ie thy lan i l ine , 
Nitrocompoimds and t h e i r der iva t ives are very impor-
t a n t organic compoxands. They have numerous appl ica t ions in 
var ious d i s c i p l i n e s of l i f e and chemistry. Nitrocompounds 
are both useful and harmfxil althoxjgh major contr ibut ion of 
these compounds are in negative way. They find large a p p l i -
ca t ions in biochemistry, environmental sc ience , ag r i cu l t u r a l 
sciences and c l i n i c a l chemistry, 
A survey of l i t e r a t u r e shows the v e r s a t i l i t y of 
aromatic nitrocompounds as ana ly t i ca l reagen ts , A number 
of compounds have been detected and determined by treatment 
40 
with nitroccmpounds. I so l a t i on of t h i o l s from food products 
41 42 
determination of urea, thiourea , phenols in pol luted a i r 43 speci f ic determination of formaldehyde and de tec t ion of 
44 45 
cyanide , t h i o l s e t c , are the few examples. 
Nitrocompounds are high explosives . Tr in i t ro to luene , 
t r in i t robenzene , d in i t roxydie thylni t roamine, d i n i t r o t o l t e n e , 
n i t r o c e l l u l o s e , n i t rog lyce r ine , mononitrotoluene and ammonium 
n i t r a t e are "ct ive explos ives . A study has been made of 28 
46 47 48 
nitrocompounds used in explosive industry * , Explosives 49 
are analyzed and has been studied spectrophotometrically 
14 
Air pollution and water pollution are also caused 
50 51 by the presence of nitrocompounds. Shereshevskaya"^ *'^ 
determined small quantities of aromatic nitrocompounds in 
air. Phenols present in the scild react with N-fertili-
zers forming nitrophenols which decrease the fertility of 
the soil^^. 
Indus t r i a l waste water^ » and sewage'''^'-' contain 
a number of organic compounds in which nitrocompounds also 
cause po l lu t ion as well as t ox i c i t y due to discharge from 
explosive p l a n t s . Nitrobenzene, nitrt>toluene, n i t roben-
zoic acid, n i t r o a n i l i n e , n i t roace tan i l ide and a number of 
other nitrocompounds have been found in waste-water. Many 
reviewers cover t h e i r t o x i c i t y of p o t e n t i a l danger^' . 
Many p lan t s produce toxic nitrocompounds which affect 
sheeps, c a t t l e and chicks , A review on the subject 
shows l i v e r stock poisoning from ni t robear ing Astragalus""^^. 
Ecotoxical t e s t i n g of p o t e n t i a l water po l lu tan t s are done 
to evaluate t h e i r t ox ic i ty in the cases of bac t e r i a , grean 
a lgae , and f l a g e l l a t e protozoa. ^. Cigaret te smoking y ie lds 
n i t roarenes which i s very t ox i c . Nitrocompounds affect 
64 65 
eye blood c e l l s , kidney , l i v e r and other organs of the 
body, "niey cause neurotoxic i ty with decrease in h e a r t -
r a t e . Din i t ro to luers i s a deadly hepatocarcinogen. Results 
have been obtained a f te r s tudies on r a b b i t s , monkey, gxmea, 
p ig and mice. 4 ,6 -Din i t ro -o-croso l , 2 ,4-dini t rophenol , 2 ,4 -
15 
din i t ro-1-naphthol , p-ni t rophenol are found in blood o£ 
above animals. Nitrcocompounds and other carcinogens 
can even damage DNA , They also have bad ef fec t on r e s -
p i ra to ry system. 
Nitrocompounls have been found t h e i r place in 
67~69 pharmaceutical and f e r t i l i z e r indus t r ies -^  and also 
in the prepara t ion of pigments and using as adhesives 
NitrcGompounds are a very important c l a s s of 
ni t rogen de r iva t ives , Kltrogroi5)s l i ke the carboxylate 
anion i s a hybrid of two equivalent resonance s t ruc tu re , 
- ^ " ^ - ^ " " ^ ^ ^ - ^ * 
R - N ^ <c 5, R - N ^ or R - N X ' 
The hybrid structure has a full positive charge on nitro-
gen atom and a half negative charge on each oxygen. This 
is in accord with the high dipole moments on nitrogen 
compounds which fall between 3.5D and A.OD depending on 
the nature of R (R=H, CH,, benzyl). The polar character 
of the nitrogroup results in lowering the volatility and 
solubility of nitrocompoxmds. Infrared bands in spectra 
of aromatic nitrocompounds occur at 13^5-1385 cm , The 
electron withdrawing properties of nitrogrotqps behave as 
an acceptor while the benzene ring is depleted of IT elec-
trons when it is attacked by a donor base. 
1 (I 
Aromatic nitrocompoxxnds interact with a variety 
o£ Lewis and Bronsted bases to give a typically bright 
coloured species. The nature and the structure o-f the 
coloured species has been under investigation. Since 
before 1900 and during the intervenining years several 
types of interactions have been recognized. Various 
interactions are treated according to which the base par-
ticipates through its unshared electron pair with nitro-
compounds. 
CHARGE TRAHSFSR OCMPLSXES 
Nitrocompounds depleted of TT electrons form coloured 
complexes with nucleophiles in which bonding is rather delo-
calized and relatively weak, involving an enthalpy change of 
0-4 Kcal/mole, These complexes are known as iT complexes or 
charge transfer complexes after ^ iulliken. It is much stronger 
than dispersion, vander Waal's induction and polarization 
forces. Charge transfer complexes are almost always more 
coloured than their individual components eg benzene and 
tetracyanoethylene, each of which separately colourless but 
give a bright orange coloiar'ed complex when mixed, A shift 
towards longer wavelengths of absorption is to be expected 
for charge transfer complexes relative to their components 
because of the enhanced possibility for resonance stabiliza-
tion of the excited state involving both components eg 
charge transfer complex of 1,3,5 trinitrobenzene and 1,3,5-
73 trimethylbenzene , 
17 
-V 
<-
CK 
57re' 
Formation of charge transfer conplex between 1,3,5-
trinitrobenzene (acceptor) aiKi 1,3,5-trimethylben2nen 
A simple example of charge-transfer intermction is 
the reaction between hexamethylbenznen and 1-substituted 
3,5-dinitrobenzene in solution as shown below: 
0„H 
(Acceptor) 
(Donor) 
Me 
18 
The two groups of substances referred to as charge-
transfer complex (CT) always have one component (A) as 
electrophile and the other component (D) as electron 
donor. The component D has a lew ionization potential and 
A has a low energy vacant orbital and high electron affi-
nity. Owing to their spectral arrangements overlap 
occurs between molecular orbitals resulting in transfer 
of an electron from the high occupied IT orbital of D 
component to the lowest unoccupied rf orbital of A compo-
nent. Alternatively complex may be regarded as a reso-
nance hybrid of two contributing structures nonbounded 
(D,A) held together with vander Waal's and (D A") . 
Qiarge transfer involved several types of forces. 
Complex formation can be described by the following 
equation 1 , 
A +D ^ =^(A D), (A" D"*"), (A* D') 
(a) (b) (c) ---- --(1) 
--' 
Structure I i s a resonance hybrid to form (a ) , (b ) 
and ( c ) . Form (a) makes the major contr ibut ion to the 
ground or normal s t a t e of the complex in which the dotted 
l i n e represents weak coulombic forces (primarily vander 
Waal's, d ipole-d ipole , ion-dipole , d ipo le - induced dipole 
19 
forces and even hydrogen bonds). Forms (b) and (c) 
contribute primarily to the excited states of the complex 
with (c) of less significance than (b) for most types of 
the complexes. Forms (b) and (c) contain a molecular 
bond. That is there is delocalized Intermolecular coor-
dinate covalent bond in which the electron pair is pro-
vided not by a specific atom by two or more atoms in D 
and is shared with two or more atoms in A, 
Mulliken considered the interaction of a no bond 
ground state ^ (D,A) and a polar excited state f(D - A") 
to produce a stabilized groiaid state having a wave func-
tion, 
X = ^(D,A) + At (D*-A- ) 
and an excited state the chcirge transfer state 
Y^. TCD-" - A') ^ M^ (D, A) 
A and A wi l l in roost cases be small compared with uni ty . 
The charge- t ransfer band i s associated with the e lec t ron ic 
t r a n s i t i o n N^  - Vj. and occurs at the frequency )) ^iS^-S^)/^ 
where • A- • i s Planck's constant . 
75 Dewar •" gave moleciilar o r b i t a l theory for charge 
t r a n s f e r complexes. Many molecular complexes of the above 
types can be formed between two components in which one 
20 
component is normally a molecule of donor type (i.e. with 
filled orbitals of relatively high energy) the other an 
acceptor (i.e. with empty orbitals of relatively low 
energy), the main interaction is therefore between the 
filled orbitals of the donor and the empty orbitals of the 
acceptor, leads to a net transfer of negative charge from 
the donor D to the acceptor A, 
Ck)mplex formation in solution is detected by 
stxadying the physical properties of the solution and 
noting a deviation from ideal behaviour. Such properties 
7fi 77 
have included vapoxK* pressure , v i soc i ty , r e f rac t ive 
7fl 79 80 
index , d i - e l e c t r i c c o n s t a n t ^ , conductivi ty , surface 81 tension , absorption of i n f r a r ed ,v i s ib l e or u l t r a v i o l e t 
82 
rad ia t ion , op t i ca l dichroism, nuclear magnetic resonance 
and melting po in t . In addi t ion dipole moment, magnetic 
s u s c e p t i b i l i t y and d i s t r i b u t i o n coef f ic ien t have been 
measured to study CT complex formation. The devia t ions 
may appear as maxima or minima or there may be some abrupt 
change in physical property due to the formation of CT 
complexes. 
The ultraviolet and visible spectra of CT complexes 
83 have been studied extensively -^, The intense absorption 
r 
exhibited by these complexes usually in the 240-320 nm 
region has been associated with E-N t r a n s i t i o n in which 
an e lec t ron Jiomp from D to A, Hence i t i s cal led charge 
2 -3 
transfer transition (CT). Generally there is a linear 
relationship between the ionization potential (Ip) of 
D ani h max for complexes of different donors with the 
same acceptor, 
A valuable use of ultraviolet and IR intensities 
is for determination of formation constant of CT complexes. 
Absorption intensities of the CT complexes are much smaller 
in the IR region than in UV which decreases the accuracy 
of the results. Nevertheless the formation constants ob-
tained for the two spectral regions compare favourably. 
Anionic cr -complex 
Anionic a—complexes have long been known to 
chemists. As early as 1886 Janovsky found that treating 
an acetone solution of m-dinitrobenzene with the alcoholic 
84,85 
solution of an alkali gives rise to intense violet colour 
Later it was observed that the same effect results from the 
action of alkaline ketones and aldehydes on m-DB ^ »°', 
In 1895 Lobry de Bruyn isolated and analyzed a red substance 
that was formed by interaction of methanolic 1,3,5-trinitro-
benzene (TNB) with an equimolar amount of KOH^®. Later 
89 Jackson and Ga-zzalo ascribed quinoid structxire to the 
coloured product of the reaction between 2,4,6 trinitroanisole 
(TNA) with sodium methoxide. Two years later Meisenheimer^^ 
obtained the first chemical evidence supporting this 
2, 
s t ruc tu re by showing t h a t on ac id i f i ca t ion the products 
of the reac t ions between TNA and potassium ethoxide or 
between 2 ,4 ,6 - t r i n i t rophene to l e (TNP) and potassium 
methoxide yie ld about the same amounts of TNA and TNP 
since the f i r s t chemical evidence for t h i s s t ruc tu re was 
obtained by Meisenheimer compounds of t h i s type are now 
commonly referred to as Jackson-Meisenheimer "or" 
Meisenheimer complexes. 
Evidence was presented in the ear ly 1950s t h a t 
nucleophi l ic displacement in n i t r e , cyano act ivated ary l 
ha l ides does not proceed by a synchronous SNT mechanism 
( t r a n s i t i o n s t a t e 1) analogous to a l i pha t i c s u b s t i t u t i o n 
but instead a two stage mechanism obtains with a d i s c r e t e 
intermediate (a Meisenheimer s t ruc tu re 2) intervening 
between reac tan t s and products . The carbon undergoing 
displacement i s t e t r ahedra l in (2) and the negative 
charge o r ig ina t ing from the unshax*ed e lec t ron pa i r of 
nucleophi l ic Y: i s delocal ized over the aromatic system. 
While the charge de loca l i za t ion has general ly been accep-
t e d . There has been discuss ion i s to whether the cyc lo-
hexadienide s t ruc tu re represents a minimum or maximum on 
the p o t e n t i a l energy p ro f i l e for reac t ion in the l a t t e r 
case a synchronous mechanism wouJ.d obtain and the conf i -
gxiration of the s ingle t r a n s i t i o n s t a t e would be given 
by (3) . 
R 
NO. 
y X 
TiR 
y X 
R 
NO2 
(1) (2) (3) 
The most popular mechanism of these reactions 
91 
was proposed by Bunnett , 
O.Nv-' 
EWG^°2 
+ X 
EWGNO^ EhlG NO^ 
(E'^ G: Electron withdrawing 
grovp) 
Its key stage is formation of anionic cr. complexes that 
proved to be relatively stable in the case of substances 
2 
2i 
containing strong electron withdrawing groups. The 
synthesis of such <r- complexes and the mechanism of their 
formation and decomposition as well as their role in the 
reactions of nucleophilic aromatic substitution have 
become a subject of special concern and the number of 
92-95 
relevant papers is growing from year to year -^  , 
The factors investigated in connection with the 
stability of <r- complexes include the nature of the aro-
matic substrate (type, number and position of substituents) 
and the nucleophlle, the effect of the solvent and tempe-
rature, lypically two or three electron withdrawing 
groups located ortho and/or para to the site of nucleo-
philic attack are required to detect anionic cr--complex 
formation with polynitro compoiJnds, the replacement of the 
nitro groups by a less electron withdrawing group has the 
expected effect of decreasing complex stability. In the 
case of picryl adducts, crystal structure determinations 
and molecular orbital calculations fully support the 
quinoid structure 4. A quinoid structure k has been 
abondened for a more modern delocalized structure 5 but 
above studies Indicate that most of the negative charge 
is located on the -^Q^ group para to the Sp^ ring carbon. 
Therefore Jackson's originally proposed structure 4 is a 
more suitable representation than 5. 
2 
RO OR RO OR 
(4) (5) 
Many investigations were devoted to the 
structxiral characterisation o-f <r- complexes, NMR spectro-
metry and crystal structure determinations have played a 
central role in these studies. In contrast the pioneering 
efforts of caldin et al on the reaction of ethoxide ion with 
96 97 
some trinitrobenzene derivatives in ethanol ' and related 
data on a few systems it was not until 1968 that systematic 
quantitative studies on Meisenheimer complex stability were 
made or that the kinetics of formation of such complexes 
were investigated in detail. Two main reasons for this 
late interest are the low stability of most of the complexes 
known at that time in commonly used protic solvents and the 
high rates associated with most of the reactions. During 
the past 16 years as fast reaction techniques have become 
98 
widely lised and the protic dipolar cosolvent systems like 
water-dimethylsulphoxide (Ke2SC) or alcohol - Me2S0 mixtures 
have proven very adequate media to enhance complex stabi-
lity. These studies have provided a better vmderstanding 
2 , T 
of fac to rs influencing formation and decomposition of 
Meisenheimer complexes ai:d therefore of the mechanism of 
aromatic subs t i t u t i on react ions f^-'*^^* 
The anionic r ing of six-membered carbocyclic cr -
complexes has been termed as cyclohexadientate, Nucleo-
p h i l i c addi t ion a t a r ing carbon of an aromatic subs t ra te 
disr i ip ts the aromatici ty leading to s ign i f i can t changes 
in e lec t ron ic configurat ion and therefore in the UV-
v i s i b l e absorption of the system. Since intense colours 
are often produced upon complex formation v i s i b l e -
spectroscopy has been a primary tool in k ine t i c and t h e r -
modynamic s tudies of complex forming r e a c t i o n s . 
Evidence from Ul t rav io le t -Vis ib le Spectroscopy. 
A c h a r a c t e r i s t i c fea ture of the complexes formed in 
tine i n i t i a l revers ib le in t e rac t ion of aromatic nitrocompounds 
and a var ie ty of bases in the i r absorption of l i g h t in v i s i b l e 
region. Among the systems invest igated are ( i ) 1 , 3 , 5 - t r i -
nitrobenzene and a l i p h a t i c amines in chloroform, 1,4-dioxan 
101 102 
and ethanol '» '^^^ ( n ) 1 ,3 ,5- t r in i t robenzene and a se r i e s 
of 1-x-2,4 ,6- t r in i t robenzenes in l iquid ammonia^^^, ( i i i ) a 
s e r i e s of 1-alkoxyl 2 ,4 ,6- t r in i t robenzene with alkoxides ions 
in a number of non-aqueous s o l v e n t s ^ ^ , ( iv) 1,3-dini troben-
zene, a s e r i e s of 1-x-2,4, dinitrobenzenes and 1,3,5 t r i n i t r o -
2? 
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benzene with acetones in bas ic acetone water solut ions ^ 
(v) 1,3,5 t r in i t robenzene with a var ie ty o-f anions in 
d i f f e ren t so lven ts . Except for the spectra o^ the 1,3,5 
tr ini trobenzene-hydroxide ion and the 1,3,5 t r i n i t r o b e n -
zene-sulphi te ion complexes in aqueous so lu t ion which 
possess a s ingle sharp maximum plus a shoulder on the 
long wavelength side of t h i s maximum, a l l the spectra 
d isplay two d i s t i n c t maxima in the 400-850 nm region, 
-The molar ex t inc t ion coeff ic ient ( € ) of the high energy 
band typ ica l ly a fac tor of from 1,3 to 2,5 times la rger 
than tha t of the low energy band i s character ized by a 
value in the range 2-4 x 10 /mole cm . These values 
of £ are much higher than those associated with the charge 
t r ans fe r complexes of aromatic nitrocompounds with aromatic 
109 
amines and hydrocarbons ^, For a given 1,3,5 t r i n i t r o b e n -
zene-anion complex the pos i t i on of maximum absorpt ion, the 
energy of separat ion of absorption maxima and the molar 
ex t inc t ion coef f ic ien ts a t the pos i t ion of maximum absorp-
t i o n depend markedly on the solvent employed in studying 
the r eac t ion . 
Studies have been car r ied out on the e f fec t of 
solvent on the equilibrium constant (K) the heat of forma-
t i o n and the molar ex t inc t ion coeff ic ien t ( 6 ) of the 
r e s u l t i n g complex in the reac t ion of 1 ,3 ,5 - t r in i t roben-
zene with cyanide ion. The solvent has major effect on 
28 
4 
equi l ibr ium constant va r i a t ions in K of 10 are noted 
on changing the medixjin from methanol to acetone or d i -
me thylsulphoxide. For the same solvents the va r i a t i on 
in e i s l e s s than two fold with €. being smaller in metha-
n o l . The equil ibr ium constant for formation of the 1,3,5 
t r i n i t r o benzene-me thoxide ion complex i s about 10^ times 
grea te r in 1,4-dioxan and 1,2-dimethoxyethane than in 
methanol. Similar solvents ef fec ts have been noted in 
110 
re la ted s tudies on the 2,4 & 2 ,6 -d in i t ro -an i so le s 
The narrow range over which the absorption maxima 
for the 1,3,5 t r in i t robenzene-anion complexes occur and the 
s imi l a r i t y in t h e i r band p ro f i l e s and molar ex t inc t ion co -
e f f i c i en t s have been taken as evidence tha t the absorbing 
species have in a l l cases an e s sen t i a l l y i den t i ca l 
111 
s t ruc tu r e , Qijestion may a r i s e tha t a s imi l a r i t y in the 
pos i t i ons of absorption maxima might ar ise because a l l the 
anions had same ioniza t ion p o t e n t i a l . 
Because of the close correspondence in the 
v i s i b l e absorption spectra of the 1 ,3 ,5- t r in i t robenzene-
ethoxide ion and the 2 ,4 ,6 - t r in i t roan i so le -e thox ide ion 
complexes in so lu t ion , the former was formulated as a 
(T -complex in which the ethoxide ion i s covalently bon-
ded to a r ing carbon atom and the net negative charge i s 
112 
shared among the three n i t r o groups , This formulation 
has received strong support as a r e s u l t of comparisons of 
23 
the infrared spectra of the sol id 1 ,3 ,5- t r in i t robenzene-
methoxide and 2 , 4 , 6 - t r i n i t r o a n i s o l e methoxide addit ion 
products » and the nuclear magnetic resonance spectra 
o£ the same products dissolved in methanol * and in 
dimethylsulphoxide 
As a r e s u l t of the close s imi l a r i t y in the absorp-
t i o n proper t ies of the 1,3,5-trinitrobenzene-methoxide ion 
complex and other 1 ,3 ,5- t r ini t robenzene-anion complexes 
are thought to form c?--complexes, supported for t h i s f o r -
mulation for the 1 ,3 ,5 - t r in i t robenzene-su lph i te , the 1 ,3 ,5-
t r ini t robenzene-cyanide ion, and the 1 ,3 ,5- t r in i t robenzene 
117-120 
acetonate ion complexes on the bas i s of infrared s tud ies 
and for the 1 ,3 ,5- t r in i t robenzene-piper id ine anion complex 
112 on the bas is of n,m.r , and conductivity measurements 
For 1-subst i tuted 2 ,4 ,6 - t r in i t robenzene , complex 
formation may occur a t both the 1 & the 3-posi t ion e i t h e r 
p r e f e r en t i a l l y or simultaneously and the absorpt.'!"n spjotr-
of the two complexes may d i f f e r appreciably. In the i n t e r -
ac t ion of 2 , 4 , 6 - t r i n i t r o a n i s o l e with methoxide ion, a t tack 
occurs f i r s t a t the 3-posi t ion though the f i n a l product 
of the reac t ion contains methoxide ion in the ' i -posi t ion 
in a l l cases . Consideration of the u l t r a v i o l e t and v i s ib l e 
absorption r e s u l t s for the in te rac t ion of aromatic n i t r o -
compounds with both a l i p h a t i c amine and anions are assoc ia -
ted with the formation of Meisenheimer complexes. One of 
1 '^i 0 J 
the major problems i.e. the identification of the cr • 
90 
complexes was partly solvated by Meisenheimer in 1902 . 
It was not until 1964 that crampton and Gtold'*'' obtained 
ambiguous HNmr data confirming the structure of cr-com-
1 
plexes. Since that time HNmr spectroscopy was become the 
most widely used and reliable technique for investigating 
1 
the structure of anionic cr-complexes. More than 300 HNMR 
spectra of various cr- complexes have been published. Most 
93 
of them can be found in the reviews by Strauss and 
Gitis''^ ''. 
Evidence from Nuclear Magnetic Resonance Spectroscopy 
Application of the n.m.r . method to the problem of 
the i n t e r ac t i on of aromatic nitrocompounds with base? ^a". 
provided the most d i r e c t evidence in the structiore of the 
species tha t are present in so lu t ion . The n.m.r. spectra 
of the species r e su l t i ng from the in t e rac t ion of 1 ,3 ,5-
t r in i t robenzene and a va r ie ty of anions and a l i pha t i c 
amines in a number of solvents' ' ' '^*' ' '^^' ' '^^"' '^^ can be 
r a t i ona l i s ed in terms of the formation of cr-compounds of 
1:1 stoichiometry (a) but are not explicable on the bas is 
of a TT-complex formations. The r ing proton (Hc< ) absorb 
a t low f i e l d s ( g » -8 .9 to -8.7BP.m., doublet J » Ca, 1C/ 
Sec) while hydrogen bonded to the carbon a t which at tack 
31 
c^) (C) ce) 
O^ N 
R^R2-
hiO< 
0 0 
of the anion takes place (Hp) absorb a t higher f i e l d s 
( ^ - - 6 . 1 0 to -6.30 ppm, bread, t r i p l e t , J= Ca.1C/Sec). 
The two resonances are of r e l a t i v e in tens i ty 2 : 1 , The 
pos i t ions of the resonance l i n e s , p a r t i c u l a r l y the r e s o -
nance l ine of Hft and the magnitudes of the spin-spin coup-
l i n g constants of the r ing protons seems to be solvent 
and anion-dependent. For a l l the anion, 1 , 3 , 5 - t r i n i t r o -
benzene i n t e r ac t i ons studied so f a r n ,m,r , spectra due to 
both species are observed in solut ions containing both the 
complexed and uncomplexed 1,3,5 t r in i t robenzene implying 
t h a t anion exchange between d i f fe ren t 1,3»5 t r in i t robenzene 
3'' 
u n i t s i s not a rapid process . The s h i f t s of the r e s o -
nance l i nes iflp-filed on going from the parent aromatic 
molecule ( <^ » -9.2 ppm) to the complex are said, to be 
due to large screening of the protons in the anion 
species^ 1*'- '2\ 
Only in the case of in te rac t ions of 1 , 3 , 5 - t r i -
nitrobenzene with a l i p h a t i c amines have simultaneous 
measurement of both n .m.r . and v i s i b l e spectra been 
made as a function of the va r i a t i on in the concentration 
122 1 '^ 6 of both components » *" • Despite t h i s , the species 
in so lu t ion giving r i s e to the v i s i b l e absorption i s 
thoxjght in a l l cases to be the same as tha t giving to 
the n.m.r . spectrum. 
The reac t ion of 1-subst i tuted 2 , 4 , 6 - t r i n i t r o b e n -
zenes with bases i s s l i g h t l y more involved as e i t he r a 
complex of the general type suggested by Meisenheiroer 
(b) or a cr-complex formed by a t tack a t 3-C atom (c) 
may be obtained. If in addi t ion the subs t i tuen t contains 
one or more acidic protons , ion i sa t ion to the conjugate 
base eg (d) may occur in competition with o--complex 
formation and the conjugate base may i t s e l f undergo anion 
a t t ack (e^, Attack of the base a t a carbon containing a 
nitrogroiip i s not considered to be l i ke ly process . In the 
i n t e r a c t i o n of 2 ,4 ,6 t r i n i t r o a n i s o l e with methoxide ion 
r' fj 
dimethylsulphoxide, roethoxide ion f i r s t adds a t the 1-
pos i t i on • ( c ) . Addition o£ methoxide ion to an \jn-
subs t i tu ted pos i t ion to form the thermodynamically l e s s 
s t ab l e product i s more rapid than addi t ion to a pos i t ion 
carrying a methoxyl group to form the thermodynamically 
more s tab le product. The s tab le 1:1 adducts formed by 
addition of methoxide ion to the 1-position of 2,4,6-
116 
trinitroanisole have also been reported in acetonitrile 
Q Q 
and dimethylsulphoxide , Addition of dimethylamine, 
difithylamine, or azide ion to 2 , 4 , 6 - t r i n i t r o a n i s o l e in 
dimethylsulphoxide y ie lds the 1-substi tuted Meisenheimer 
complexes with no evidence for preliminary complex forma-
t i o n a t the 3-positicn' '^®»''^^. 
In picramide and N-alkyIpicramides ion i sa t ion to 
the conjugate base (d) occurs in competition with cr-forma-
t i o n at 3-C pos i t ion ( e ) , the r e l a t i v e amounts depending 
12R 
on the s t ruc tu re of the reac tan t , the alkoxide ion 
115,124 
enployed and the concentrat ion of alcohol in the medium 
In the s e r i e s picramide, N-methyl picramide and N-phenyl-
picramide the r a t i o of conjugate base, to cr-complex 
increases in the order -NHp, -NHCH,, -NHC^H^ when i n t e r -
act ion with methoxide ions i s studied in dimethylsulpho-
115 128 
xide * , A second methoxide ion adds to the conjugate 
base of N-methyl picramide at high methoxide to N-methyl 
34 
128 picramide r a t i o s . In con t ras t n.m.r , s tudies suggest 
t h a t ne i ther the picramide anion not the p i c ra t e ion 
undergo addit ion of e i t h e r methoxide or hydroxide ion, 
115 
even at high anion concentrat ions -^, This observation 
may be pecu l ia r to the anions and the solvents system 
130 
used in t h i s study -^  , 
Addition or methoxide ion to N,N-dimethyl or N,N-
d ie thy l picramide y ie lds the 3-subs t i tu ted cr-complex 
while addi t ion of corresponding amines to 2 , 4 , 6 - t r i n i t r o -
115 
ani«ole y ie lds the 1-subst i tuted Meisenheimer complexes , 
A 2:1 adduct with methoxide ion has been observed for 
N,N-dimethylpicramide in dimethylsulfoxide a t high 
124 
methoxide to dimethyIpicramide r a t i o s . Hydroxide ion 
and acetonate ion behave s imi la r ly to methoxide ion in 
t h e i r i n t e rac t ions with N,N-dimethyl picramide''^^*''^'^ 
In general the proport ion between the products of 
addi t ion to C-1 and C-3 carbon atoms in 1 - x - 2 , 4 , 6 - t r i n i -
trobenzenes depends on the nature of both the nucleophile 
and the s u b s t r a t e . Some subs t ra tes are attacked only in 
an unsubst i tuted pos i t i on . For instance methoxide ion 
131 
adds to the C-3 carbons of 2 , 4 , 6 - t r i n i t r o t o l u e n e -^  , N,N-
dlmethylpicramide' '^^' ' '^®' ' '^^' ' '^^, N-methylpicramide''^^'' '^^ 
and picramide 25,128,13 ^ ^^ isomeric cr-complexes 
(1,1 and 1,3) of d i f fe ren t s t a b i l i t y r e s u l t from reac t ions 
3 r 
1 ^ ^ "1 "^ A 
between 1-x-3,5 dinitrobenzene and nucleophile ' 
(X= CF,, COOMe, CI, CCNMe, SO^Me, CN) In a s imi lar 
^ "^  137,138 
manner methoxide ion r eac t s with 4-X-2,6-dini t roanisoles 
(X » CN, F, CI, CF^, H). A o—complex of FieO" with 2 , 4 -
d in i t roan i so l e s was also reported and ident i f ied by HNmr 
139 
as the 1,1 cr-complex . Anionic o--complexes for the 
simplest oxygen containing nucleophile i . e . hydroxide ion 
were also repor ted . Trinitrobenzene r eac t s with dry NaOH 
solut ion in dimethyIsulphoxide to form t r in i t robenzene 
hydroxylic cr -complex which can be i so la ted by adding 
140 e the r , There are many other ni t roaromatic subs t ra tes 
_ 1 Ai 
which also y ie ld cr-complexes with HO ion . A remark-
ably s table cr-complex was obtained with methoxide ion and 
1,3,5 t r i s^ ( t r i f luoronBthy l ) sulfonyl_7 benzene or 2,4 
14^ b i s ^ ( t r i f l u o r o m e t h y l ) sulfonyl j^anisole , 
Meisenheimer complexes of 1,3,5 TNB with carboxylic 
ac ids , ketones and e s t e r s were confirmed by NMR spec t ro -
146 
scopy , The reac t ion of 1(di-n-propylamino) 2 , 6 - d i n i t r o -
4( t r i f luoromethyl) benzene with amines and aminoacids in 
MepSO-HpC were studied by NMH and e lec t ron ic spectroscopy 
145 and k ine t ic parameters were determined , The mechanism 
of the reac t ion of 3 ,5 -u in i t robenzon i t r i l e with sodium 
1 lift 
methoxide in methanol was explained . 
I t was es tabl ished spectrophotometrically tha t 
TNB and aqueous Na2SC, yield a 1:1 complex which proceeds 
38 
to form 1:2 complex ipon addi t ion of soditom sulphi te in 
149 excess , The 1:2 complex was i so la ted and found to 
corresporKi the formula TNB (NapSC,) . Similar c r -
^ 114,149 
complexes were observed in absorption spect ra by authors . 
The s t ruc tu re of mono- and di-adducts was confirmed by 
IP'S 1*50—153 
Crampton and Gold -' and l a t e r by his coworkers 
1 154 
using HNmr spectroscopy. Kaminskaya -^ reported <r -
complex of polynitronaphthalenes with sodium su lph i t e . 
A number of ammonia primary and secondary amines 
reac t ions with polynitroaromatics forming <r-complexes 
are known while t e r t i a r y eunines form TT complexes 
15fi 
r a the r than <r -complexes. Buncel however found tha t 
in the presence of a base ( l , 4 - d i a 2 o b i c y c l o ^ 2 . 2 . 2 ^ 
octane) the an i l ide cr--complex i s formed. Kinetic 
evidence shows tha t the r a t e determining s tep of t h i s 
r eac t ion i s the loss of a proton under the ac t ion of a 
15Q 
strong enough base, Pyfe and h i s coworkers repor t 
the formation of the 1,1 cr-complex from TNA and BuNHp 
in Me2SO-MeOH. 2 ,4 -d in i t roan iso le^^° with piper idine 
in benzene forms a Meisenheimer complex, A 1 ,1 - Meisen-
heimer complex between primary, secondary and t e r t i a r y 
amines and 4,6-dinitrobenzun-1-oxide was inves t iga ted . 
Difference between cr-complexes and charge t rans fe r 
cciEplexes. 
Aromatic compounds r e a c t with HCl-AlCl, or HF-BF^ 
mixtures for example to produce s a l t s t ha t ionize in non-
aqueous ion sxipporting solvents such as l iqu id hydrogen 
f luor ide or su l fu r i c ac id . The reac t ion can be represen-
ted by the equat ion.2 . 
HALCL/4 -
R 
H^y^ 
m 
37 
AlCU 
- - < 2 ) 
where the carbon ion (2) is a resonance hybrid of several 
fonns and in which there is a covalent bond between the 
reagent and a specific carbon atom of the ring. Such an 
ion is established as an intermediate in nitration where 
there is a nitrogroi:q? in place of the additional hydrogen 
atom. These carbonium ions are not molecular association 
products having molecular bonds but their relationship 
makes interesting to compare the two types. 
33 
Charge-transfer (CT) complexes are usually co lor -
l e s s or l i g h t yellow while the cT'complexes are orange 
or deeper and In some cases almost black. As in the 
triphenylmethane type dyes the excited s t a t e s o£ the cr -
complexes are grea t ly s t a b i l i z e d by resonance which 
decreases the energy difference between ground and exci ted 
s t a t e and being about l i g h t absorption in the v i s i b l e 
region of the spectrum. 
The second d i s t i n c t i o n between CT and cr-complexes 
i s the marked e l e c t r i c a l conductivity of the o--complexes 
where CT complexes are non-conducting. 
Isotope exchange takes place with or-complejt 
when aromatic compounds are mixed with DCl-Ald^ or 
DF-BF, there i s an exchange or deuterium for hydrogen. 
This s a t i s f i e s expectation for when the cr -complex 
r e v e r t s back to the aromatic compounds e i t h e r the C-H 
bond or the C-D bond w i l l break. When the C-H bond breaks, 
the recovered aromatic w i l l contain deuterium. No such 
exchange occurs in the CT complexes with DCl or TCI. 
An equil ibrium e x i s t s between an aromatic compound 
i t s CT complex and i t s cr-complex, according to the 
162 
equation r , 
Ar + HX = Ar: HX ^=± (ArH) X ;—^ ArH"^  + X" 
CT cr- complex 
Complex 
39 
The media of low d i e l e c t r i c constant and the 
absence of ca t a lys t s are unfavourable for the existence of 
the ionic cr-complexes. Only the eas i ly formed CT complexes 
are de tec tab le . Solutions of hydrochloric acid in aromatic 
compounds are co lor less or pale yellow and non-conducting. 
If a reagent i s added t h a t w i l l combine with the hal ide ion 
the equil ibrium i s shif ted towards the r i g h t . Thus when 
s a l t s such as aluminium chloride or boron t r i f l u o r i d e are 
added to the Ar:HX mixture, the mixture becomes colored and 
conducting. Mixtures of HX + AIX^ + Ar form red o i l s t ha t 
are highly conducting but these o i l s are not formed in the 
absence of any one of these substances. Liquid hydrogen 
f luor ide i s a solvent of high d i e l e c t r i c constant , aromatic 
substances dissolve in i t to form l imited amounts of cr--
complexes. This i s evident because hydrogen f luoride so lu-
t ions of aromatic compounds have a conductivity and v i s i b l e 
colour. When t r i f l u o r i d e i s added to these solut ions in 
increasing amoxmts t h e i r conduct iv i t ies and colour progress -
ive ly increase u n t i l one mole equivalent of BP, has been 
added and then the conduct iv i t ies level off. This indicates 
t h a t equil ibrium has been shif ted almost completely to the 
r i g h t . In the absence of s t e r i c effects the order of magni-
tude of equilibrium constants for cr--complexeii i s 10u J-.r ' 
l a r g e r than tha t of for CT complexes. Sulphuric acid too 
i s a polar medium in v/hich the ionic cr- complex i s s t ab l e . 
40 
Thus aromatics undergo isotope-exchange in D^SCi^ as a 
r e s u l t o-C cr--coinplex formation eg. CA)^ and other 
deutero-aromatics have been prepared by mixing the a ro -
matic compounds with DpSO/ or DCl-AlCl,. 
Simi]ar ly , iodine forms only the CT complex with 
mesitylene since mesitylene i s not an ion iza t ion solvent . 
However pyridine i s an ionizing solvent and iodine fonns 
CT complex with i t . The infrared spectra of iodine in 
pyridine i s markedly d i f fe ren t from tha t of pyridine alone 
and the so lu t ion conducting. 
The ef fec ts of subs t i tuen t s on the s t a b i l i t i e s 
of charge t rans fe r and cj--complexes are in the expected 
d i r e c t i o n . I t can be observed tha t increased s t a b i l i t y i s 
as^sociated with an increase in e lec t ron donor a b i l i t y of 
D and e lec t ron pul l ing power of A, Hence e lec t ron donating 
groups in D or e l ec t ron withdrawing groups in A lead to 
grea ter complex s t a b i l i t y . 
Radical anions 
Nitroaromatic compounds can be converted i n t o 
r ad i ca l anions by accepting a s ingle e lec t ron from a strong 
165-base eg 4-ni t ro to luene has been observed to give a high 
concentrat ion of r a d i c a l anions when dissolved in t -bu ty l 
alcohol or t -bu ty l alcohol-dimethylsulphoxide mixtures to which 
41 
potassium t-butoxide has been added. Such experiments 
are performed in the absence of oxygen and the identifi-
cation of the radical anion and determination of its 
concentration are readily performed using electron spin 
resonance technique. The rate of radical anion formation 
is dependent on the solvent the nitrobenzene radical anion 
is more rapidly formed from nitrobenzene and t-butoxide ion 
164 
when the proportion of DMSO in the solvent is increased 
ESR studies show that radical anion of nitroaromatic com-
poxinds may interact strongly with the solvent particularly 
when a hydroxylic solvent such as ethanol which can form 
hydrogen bonds to the nitrogroup is used , Many of the 
radical anions of nitroaromatic compoimds are reported to 
>^e coloured. For example, 1,3-dinitrobenzene gives a 
bright violet solution immediately after the start of 
electrolysis in dimethylforniamide solution and 2,6-dinitro-
toluene gives a bright red solution and it seems reasonable 
to associate the colours with radical anions , 
There have been surprisingly few visible studies 
of radical anions of nitroaromatic compounds, Kemula and 
Sioda have reported that the radical anion of nitro-
benzene generated electrochemically in dimethylformamide 
shows absorption maxima at 435 m^ ( 6 • 1.5 x ICr 1. mole'^cm"^) 
and 465 m;u(€:= 1.25 x 10^ 1 . mole"'' cm"^). 
The extent to which radical aniens are present 
under conditions which lead to significant concentra-
tion o-C o"-complexes in solution is uncertain. Gold and 
168 Rochester observed no electron spin resonance spectrum 
of solutions of 1,3,5 trinitrobenzene in methanolic sodium 
methoxide or ethanolic sodium hydroxide solution, A 
spectrum was observed during the course of a slow reaction 
between 1,3,5 trinitrobenzene and diethylamine both in the 
presence and absence of acetone ' , but the importance 
of this radical or radical anion in complex formation is 
170 
uncertain 
Proton-transfer process 
As a further possible interaction the basic reagent 
may take part in protein abstraction process. The possibility 
arises owing to the powerful electron withdrawing capability 
of nitro-groups which may cause a hydrogen atom of the aroma-
tic nitro compound to become sufficiently acidic. Abstraction 
of a nuclear hydrogen would yield an aryl carbanion. 
r-^^^NO' 
This p o s s i b i l i t y f i r s t arose in connection with 
the observations tha t solut ions o£ some aromatic n i t r o -
compounds in amines and in l iquid ammonia are conducting. 
The small conductance of 1 ,3 ,5- t r ini t roben2ne in pyridine 
171 was explained by Lewis and Seaborg as being the r e s u l t 
of p a r t i a l p ro te in t r ans fe r while complete ion i sa t ion 
172 (eq, 3) was postulated to take place in 2-aminoethanol 
on the bas i s of conductance and cryoscopic da ta . 
O.N c^^^^t-\02 
+ H2NCH2CH2OH 
C^N^'-'^NO^ + 
Ma 
HJNCH2CH2OH ( 3 ) 
a,N r^^^NO 
•^zc^n^^m 
NO. NO. 
. C^H^QNH^ 
173 
(4) 
In cont ras t i t was concluded"' ' ' from conductance 
and spectroscopic r e s u l t s t ha t 1 ,3 ,5- t r ini t robenzene inter-
ac ts with p iper id ine in a c e t o n i t r i l e so lu t ion to give an 
adduct (eq. 4 ) . The intense colour and high conductivity 
of 1,3-dinitrobenzene in l iquid ammonia was also explained 
44 
174 
on the bas is o-f adduct formation the formulation 
received support from spec t r a l examination in l iquid 
ammonia oi a se r i e s of polynitroaromatic compounds 
171 
including 1,3 dinltrobenzene and 1,3,5 t r in i t robenzene . 
The use of i so topic exchange as a t oo l for the 
study ol proton t r ans fe r in the ni t roaromatic s e r i e s was 
175 f i r s t reported on by Kharasch and h is coworkers '^, 
Treatment of 1,3,5 t r in i t robenzene with 0,02M sodium 
hydroxide in ethanol-DpO a t 110° for 68 hr r e su l t ed in 
d i l u t i o n of the deuterium of the medium to an extent 
equivalent to exchange of over 2 atoms of hydrogen from 
the t r in i t robenzene , I t was pointed out l a t e r on 
however tha t nucleophil ic displacement of a nitrogroup 
in 1,3,5 t r in i t robenzene by alkoxide ion occurs under even 
milder condit ions than in the exchange study. No exchange 
of hydrogen occurred when 1,3 ,5- t r ini t robenzene was t reated 
with 5M- sodium hydroxide in D2o'''^ or with pyridine - D2o'''^ ®, 
17Q Shatenshtein ^ observed tha t 1,3-dinitrobenzene 
in NEL undergoes s ign i f i can t exchange with the medium (a t 
^0° and 24 hr , 0.3 atom hydrogen exchange) conclusive e v i -
de^nce was also given by ac t ion of sodium methoxide in t r i -
tia^ted methanol'''''^ and by NaOD (0.01M) in dimethylformamide 
•I OQ 
-D^O I . The observation of catalysis of hydrogen exchange 
1 R 1 1PIP 
in 1,^-dinltrobenzene ° and 1,3,5 t r in i t robenzene by a 
4r ;i 
number of bases both anionic and neutral suggests that 
these aromatic hydrogen-abstraction processes are subject 
to Bronsted base catalysis. 
The available evidence thus indicates that the 
dinitrophenyl anion and trinitrophenyl anion is not formed 
in more than a very small concentration in the interaction 
of aromatic nitrocompounds with bases. The suggested 
181 
mechanism of exchange process for 1,3-dinitrobenzene and 
base y involves a rate-determining deprotonation to form 
an arylcarbanion (4) following by rapid reaction of (A) with 
the solvent. !nie excharging C(2) hydrogen is the most 
acidic one owing to the adjacent electronegative nitro-
groups. 
Nitrcbenzvl anions 
Abstraction of a hydrogen bound to an alpha carbon 
atom would give rise to a nitrobenzyl anion. 
CH^. 
NO z 
The introduction of nitrogroups into the aromatic 
r ing of toluene and i t s derivatives increases their 
.3 
Bronsted acid s t rength and i s su f r i c i en t ly basic so lu t ion 
i t i s poss ible to remove proton to produce subs t i tu ted 
benzyl anions, 4-Nitrobenzyl cyanide (10**^) for exanpl^°"^ 
••3 
r e a c t s with sodium ethoxide (10 M) in ethanol so lu t ion to 
-4 —1 
give a red anion ( A max « 560 myx , €: =» 2,6 x 10 1, mole 
~1 IfiA 
cm ) by proton loss and i t i s only at high hydroxyl-ion 
concentrat ion in aqueous so lu t ion t h a t another process 
possibly formation of cr--complex completes with the produc-
t i on of anion ^ , Caldin and Long have shown t h a t 
under s imi la r condit ions 2 ,4 ,6 t r i n i t r o t o l u e n e (TNT) gives 
a purple anion in the temperature range -80° to 20°: the 
anion has absorption maxima at 510mp ( fe« 12000) and 
370 m>i ( e - 7 0 0 0 ) . 
47 
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CHAPTER - I I 
MICROGRAM DETECTION OF AROMATIC NITRD COMPOUNDS 
AND THEIR DERIVATIVES BY CONVENTIONAL SPOT-TEST, 
RESIN SPOT-TEST AND SODIUM HYDROXIDE PELLET 
SPOT-TEST IN APROTIC SOLVENIS. 
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IigTRODUCTION 
The pr .s t few yea r s have seen a cons ide rab l e i n c r e a s e in 
the s tudy of r e a c t i o n of p o l y n i t r o a r o m a t i c s , b u t though most of 
t h e s e compounds a r e co loured , l i t t l e use has been made of the 
r e a c t i o n in o r g a n i c a n a l y t i c a l chemis t ry , a p a r t from the s p e c i -
f i c c o l o r i m e t r i c d e t e c t i o n and de t e rmina t i on of a l i p h a t i c 
1 2 
amines ' . These t e s t s a r e based on an ion ic cr -complexes 
which have a much h i g h e r molar a b s o r p t i v i t y than cha rge -
t r a n s f e r complexes. Four e x c e l l e n t reviews cover the f i e l d to 
1970^"^. 
The d e t e c t i o n of a romat i c n i t r o compounds and t h e i r d e r i -
v a t i v e s i s very impor tan t as most of them show ca rc inogen ic 
a c t i v i t y eg . 2 , 4 - d i n i t r o t o l u e n e has r e c e n t l y been found to be a 
7 
deadly hepa tocarc inogen . F u r t h e r the r e a c t i o n can be used f o r 
the de t e rmina t i on of d i n i t r o p h e n y l (DNP) d e r i v a t i v e s of amino 
a c i d s by means of t h e i r r e a c t i o n with cyanide , 
Perhaps the o l d e s t c o l o r i m e t r i c r e a c t i o n in t h i s f i e l d 
i s the i n t e r a c t i o n of a romat i c nitro-corapounds and t h e i r d e r i v a -
t i v e s with ace tone in the presence of a l k a l i the so c a l l e d 
g 
Janovsky r e a c t i o n . This method was f i r s t s u c c e s s f u l l y a p p l i e d 
10 t o the d e t e r m i n a t i o n of a romat ic d i n i t r o compounds by Eng l i sh 
who claimed 0,05% f o r t he se compounds could be determined in the 
6i. 
11 
mononitrocompounds, A s p o t - t e s t for t h e i r detect ion showed 
the p r a c t i c a l l imi t ranged from 0.5 p.g for m-di-nitrobenzene 
12 to 9 MS for 3 ,5-dini t robenzoic acid , Tiwari and coworkers 
detected d i - and t r i n i t roa roma t i c compounds using sodium t e t r a -
hydroborate ( I I I ) . To the sample containing 8-10 mg in ethanol 
add 1 or 2 drops of e thanol ic 0.2% NaBH .^ An immediate red to 
v i o l e t colour indica tes the presence of a d i -o r t r in i t roaromat ic 
compounds. Mononitroaromatic compounds do not in te r fe re the 
t e s t . For the tes ted e ight compoxinds detect ion l i m i t ranged 
13 from 1-20 ^g, Sharma and Tiwari detected and determined some 
nitrocompounds via t h e i r -ff- TTcomplexes fonned between n i t r o -
compounds and N-N'-die thylani l ine in chloroform mediiim, 
14 Rudolph has studied the colour react ions of dinitrobenzene and 
dini tronaphthalene in a lka l ine a lcohol ic solut ion to d is t inguish 
among each o ther . Another t e s t for nitrocompounds has been des-
cribed by Verma . Canback has studied the differences in the 
behaviour of 29 m-dinitroaromatics and t h e i r der iva t ives using 
acetone as solvent in a lka l ine media by photometric methods. 
In t h i s chapter we describe the detect ion of aromatic 
nitrocompounds and t h e i r der iva t ives by three spot t e s t s : 
(1) Conventional s p o t - t e s t , (2) Resin s p o t - t e s t , (3) Sodium 
hydroxide p e l l e t s p o t - t e s t . A comparative study of the above 
t e s t s have been explored in terms of t h e i r r e l a t i v e s e n s i t i v i t y 
in d i f ferent apro t i c so lven t s . 
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EXPERIMENTAL 
M a t e r i a l s ; Most n i t r o a r o m a t i c s used were guaranteed r eagen t 
grade (Me^ck) and were no t f u r t h e r p u r i f i e d . Some were l a b o r a -
t o r y r e a g e n t grade (B.D.H. o r Koch- l igh t ) and were r e c r y s t a l l i -
zed u n t i l the me l t i ng p o i n t s were i n agieement wi th the l i t e r a -
t u r e v a l u e s . The dime thy I su lphox ide (DI>eo) was a Baker 
" A n a l y t i c a l r eagen t " the dimethylforraamide (DMF) was B.D.H. 
"Analar" . 
Res in : Amber l i te IRA-400 (C l" form) f o r r e s i n s p o t - t e s t . 
S o l u t i o n s of a romat ic ni t rocompounds; A 4 mg/10ml s tock 
s o l u t i o n of d i f f e r e n t nitrocompounds was p r epa red . More d i l u t e 
s o l u t i o n s were prepared from s tock s o l u t i o n . 
Sodium hydroxide s o l u t i o n ; A 30% s o l u t i o n was prepared in 
c o n d u c t i v i t y wa te r . 
Procedures ; 
( c ) Place one drop (1 JJH) of the t e s t s o l u t i o n i n the depres s ion 
of a white s p o t - p l a t e , fol lowed by one drop of sodium hydroxide 
s o l u t i o n . Add one drop of ace tone and no te the co lou r as given 
i n Table 1, I f no co lour i s ob ta ined add more ace tone and note 
t h e c o l o u r . I f the t e s t i s n e g a t i v e , r ep l ace the ace tone f i r s t 
w i th DMF and then with DMSO. 
6:'! 
(b) Place a few resin beads in the depression of a white spot-
plate. Add to the beads one drop of the test solution followed 
by the other reagents as described in (a), 
(c) Repeat procedure (b) with a clean pellet of sodium hydroxide 
instead of resin beads. 
RESULTS 
The following nitrocompoionds were tested by conventional 
spot- tes t , resin spot- tes t and sodium hydroxide pel le t spot-
t e s t . Nitrocompounds which gave the positive tes ts are l i s ted 
as : 
1-Chloro-2,4-dinitrobenzene, 1-fluoro-2,4-dinitrobenzene, 2,4-
dini t roani l ine , 3,5-dinitroben2oic acid, 2,4-dinitrotoluene, 
2,4-dinitrophenylhydrazin^, m-dinitrobenzene and 1 ,3 ,5- t r in i t ro-
toluene. 
The results of their limit of identifications are 
tabulated in Tables 1,2,3 and their relat ive sensi t ivi ty to 
other tes ts are mentioned in Table 4. 
A number of organic compounds were tested by the 
procedures (.a), (b), (c) and found not to interfere with the 
t e s t s . They include: 
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Carbohydrates: L( + ) arabinose, l ac tose , D( + ) njalezitose, 
glucose, rhaminose, sucrose. 
Acids; Acet ic , formic, t a r t a r i c , ph tha l i c , oxa l i c , pyrogal l ic . 
Alcohols; Propan-2-ol, e t h y l , methyl, 2-methyl-propan-2-ol, 
amyl, isoamyl. 
Hetrocvclic bases: Pyridine, p iper id ine . 
Aldehydes: Formaldehyde, acetaldehyde, benzaldehyde, p a r a l -
dehyde, p-chlorobenzaldehyde. 
Ketones; Acetophenone, cyclopentanone, cyclo-hexanone, 
benzophenone, propiophenone. 
Hydrocarbons and t h e i r de r iva t ives : Benzene, xylene, o-dichlo-
robenzene, bromobenzene, toluene. 
Ethers; Diethyl e the r , a n i s o l e , 1,4-dioxan, 
Amino ac ids ; DL-tryptophan, L- lys ine , DL-phenylalanine, 
L -h i s t i d ine . 
Anil ides; Acetani l ide , benzani l ide , 
N i t r i l e s i A c e t o n i t r i l e , benzon i t r i l e . 
Amides: Acetamide, benzamide. 
69 
Amines; Tr imethylamine, t r i e t h y l a m i n e , methylamine, d i e t h y l -
amine, a n i l i n e , d lphenylamlne. 
Phenols ; Phenol , m - c r e s o l , r e s o r o i n o l . 
Misce l laneous ; Chloroform, c a r b o n t e t r a c h l o r i d e , u r e a , t h i o u r e a . 
DISCUSSION 
The r e a c t i o n mechanism of d i n i t r o - and t r i n i t r o a r o m a t i c s 
and t h e i r d e r i v a t i v e s has a l r e a d y been d i s cus sed in Chapter I . 
The e x i s t e n c e of the coloured spec ie s and t h e i r s t r u c t u r a l 
i n v e s t i g a t i o n s have been confirmed by NMR, UV-vis ib le s p e c t r o -
4 
scopy and k i n e t i c s t u d i e s . In a d d i t i o n to the known mechanis-
t i c approach of t h e s e co loured s p e c i e s , we have t r i e d to pu t a 
t e n t a t i v e approach of t h e i r r e a c t i o n mechanisms when they a re 
i d e n t i f i e d on ion-exchange r e s i n bead and sodi\jm hydroxide 
p e l l e t s . The l a t e r tv/o techniques enhance the s e n s i t i v i t i t y 
of the r e a c t i o n under the i d e n t i c a l cond i t i on when d i f f e r e n t 
a p r o t i c s o l v e n t s a r e used . The s e n s i t i v i t y of the co lour r e a c -
t i o n i n c r e a s e s as the d i e l e c t r i c c o n s t a n t of the s o l v e n t s 
i n c r e a s e s . The o rde r of d i e l e c t r i c cons tan t and s e n s i t i v i t y 
of so lven t s a r e as f o l l ows ; 
Dreo } DMF y Acetone 
1 0 
The react ion mechanism of nitrocompounds i s based on 
the d i f fe ren t groups associa ted with benzene r ing a t d i f fe ren t 
pos i t ions and therefore they have been discussed indiv idual ly , 
17 In the case of 2 ,4 -d in i t roan i l i ne i t i s assumed that 
the react ion with base r e s u l t s in proton loss r a the r than base 
addi t ion because i t has been widely used in determining the 
1R 
a c i d i t y function in a lka l ine medium . 
H^M/H 
+ OH' 
The conjugate base may undergo a lowering in energy, 
r e s u l t i n g the following resonat ing s t r u c t u r e s . 
H-M 
'^r<^t^O^ 
T a 
• > 
HH-O 
7] I 
Since 2,4-dinitrophenylhydrazine is a derivative of 
2,A-dinitroaniline i t will also result with proton loss. 
H-NH2 
< -
NO- l a 
u-m 
y" 
I — I 
NO-
NO- l b 
The above anionic coloured species ( Ia , Ib , I Ia , I Ib ) are 
exchanged by the counter anion of ion-exchanger resin making 
the colour more intensified and stable and hence increasing 
the sensi t iv i ty of the t e s t . In the case of sodium hydroxide 
pe l l e t , the increase in sensi t iv i ty i s at tr ibuted to i t s high 
surface ac t iv i ty . 
5 6 In the case of 1-chloro-2,4-dinitroben2ene * and 1-
fluoro-2,4-dinitrobenzene the nucleophilic attack occurs most 
rapidly a t ortho or para position of the ring yielding in te r -
mediate o- -adducts of structure I or I I . Their existence have 
been confirmed by spectroscopic studies. Another aspect of tho 
attack i s a t the X (X= CI, F) carrying ring C-atom with an 
nf) 
4/ 
unstable intermediate species III which leads to the displace-
ment of halide and the fast formation of finally coloured 
species IV, 
yC, O H 
^NO^ 
Fast 
NO2 JIT 
In the detection of the above two compounds using DI^O 
as 3 solvent the existence of I & II species are all more 
plausible with highly magnitude of negative charge on them. 
The exchange is therefore possible in ion exchange resin with 
a stabilized coloured species. Similarly in the case of sodium 
hydroxide pellets the availability of high concentration of OH", 
acting as nucleophile increases the possibility of attacking 
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more pos i t ions of i n subs t i t u t ed benzene r i ng , r e su l t i ng the 
formation of highly coloured species . This increases in the 
s e n s i t i v i t y of the t e s t . 
In m-dinitrobenzene the posi t ions ortho and para to the 
powerful e lec t ron withdrawing nitrogroups are ac t iva ted when 
at tacked by a nucleophi l lc base. The OH" group from sodium 
hydroxide as nucleophile w i l l therefore a t tack e i t h e r on ortho 
or para pos i t ion . However NMR studies confirms the a t tack on 
ortho pos i t ion . 
H m 
The increase in sensitivitv on anion exchange resin 
may be considered due to the exchange of anionic species making 
a stable colour and hence an increase in colour intensity on the 
surface of the resin bead. 
RCL" 
^ R" 
L 
H OH 
>H0: 
+ CC 
J 
The limit of detection is found maximum in the case of 
sodium hydroxide pellet test. It may be said tentatively that 
in addition to nucleophilic base attack on ortho position there 
is also the possibility to attack on para position (being a 
high concentration of OH" ions) forming a highly coloured a 
complex. Further it is stabilized on highly active surface of 
sodium hydroxide pellet. 
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H_OH 
NaOH f)£lle.t 
In the case of 2 ,4-d in i t ro to luene the base a t tack has 
been explained t en ta t ive ly by a number of d i f fe ren t s teps 
involving the deprotonation, formation of a free r ad ica l and 
f i na l l y a free r ad i ca l s t a b i l i z e d negative charge species 
formed by two moles of 2 ,4 -d in i t ro to luene . These react ion 
mechanisms are analogous as described in case of p - n i t r o t o -
19 luene . In'•short the scheme i s given below: 
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UOz NO. 
( i ) B -v CH, -N02.^=:^BH+CH^- NO. 
DepTfoTonation 
NO2. 
(ii)CH^-/0' 
NO 
-NO^^ CH3 
NO. 
m^^=^ CH^ - NC 
+ CH.. •NO. 
NO- NO' 
cH/r )VNOO+ON-Y( VCH-CH 
'N0< 
NO^ ^ = ^ 
NO2 
O^ N- CH=CH^QVN0, 
NO. 
4-
J 
NO. 
CH: -NO, 
Final Pvoduct 
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Since the f i n a l product i s a free r ad ica l negative charge 
species , i t i s therefore , a highly coloured product. The 
exchange and the surface a c t i v i t y on sodium hydroxide p e l l e t i s 
same as discussed e a r l i e r . 
In the case of 3 ,5-dini t robenzoic acid i t s conjugate 
base i s a t tacked by nucleophile e i t h e r on 2 or ^ -pos i t ion . The 
chemistry of ion exchange res in and sodium hydroxide p e l l e t i s 
same as described above. 
COOH 
+ OH" 
COO COO 
or 
H ^OH 
In the case of 1 ,3 ,5- t r ini t roben2ene the base addi t ion 
on ck-C- atom has been confirmed by NMR s tudies r e s u l t i n g 
coloured species with negative charge. In res in s p o t - t e s t 
the exchange of anionic cr -species takes place r e su l t i ng the 
formation of-a coloured res in bead. However in the p e l l e t t e s t 
where high concentration of 0H~ ion e x i s t , the p o s s i b i l i t y of 
fur ther a t tack on unsubst i tuted benzene r ing can not be avoided. 
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This makes a high coloured species and increases the sensiti-
vity of the test. 
+ OH' 
NO-
H 0^ 
Kf ^ 0^^"^ ^ ^NO. 
•r 
The reac t ions on which these s p o t - t e s t s are based, 
are ra ther d i f f e ren t from those of the o r i g i n a l s p o t - t e s t . 
This i s because the presence or absence of acetone has a pro-
found effect on the nature of the colour forming react ion and 
hence the colour produced. In the presence of acetone 
"Janovsky" adducts are formed eg. from 1,3-dinitrobenzene. 
NOr 
0> 
H •^CH2,C0CH3 
In the absence of acetone the adducts w i l l 
"S. 
\-^ 
H OR 
r e s u l t from base a t tack 
2,4-Dinitrophenol and p i c r i c acid do not give a colour under 
the react ion condi t ions . The r e s t can be used for v i r t u a l l y 
a l l d i n i t r o - and trinitrocompounds having two nitrogroups in 
the meta pos i t ion and i s expected to be extremely s e n s i t i v e . 
79 0 
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CHAPTER - I I I 
A SENSITIVE SPOT-TEST FOR MICROGRAM DETECTION OF 
AROMATIC NITROCOMPOUNDS AND THEIR DERIVATIVES WIIH 
SODim SULPHITE IN DIMETHYLSULPHOXIDE. 
INTRODUCTION 
The in t e r ac t i on of bases with polynitroaromatics i s a 
1-4 f a sc ina t ing f i e l d , For qui te sometimes we have been explor-
5-7 ing the a n a l y t i c a l po t en t i a l of such react ions , However, 
because of the va r i a t ion in the colours given by d i f fe ren t 
polynitroaromatics the t e s t s cannot be used as general t e s t s 
for t h e i r i d e n t i f i c a t i o n . For example we have re - inves t iga ted 
the react ion of sodium hydroxide with ni t roaromatics and t h e i r 
derivatives'^ and found tha t the " a lka l i p e l l e t s p o t - t e s t " to 
be h i ^ l y sens i t ive and spec i f i c on microscale. 
Though the react ion with sodium sulphi te has been 
8—14 
studied for a few polynitromatics , there has been no d e t a i l -
ed invests ^ t i o n and as f a r as we are aware these reac t ions have 
no t been used in o r ^ n i c a n a l y t i c a l chemistry. An a l t e r n a t i v e 
15 t e s t with sodiiim cyanide i s una t t r ac t ive because of the 
poisonous nature of the reagent . 
1 fi Another t e s t of nitrocompounds i s based on the 
oxidation of the Fe( I I ) dimethyIglyoxime complex ( I ) to 
F e ( l l l ) dimethyiglyoxime complex ( I I ) . On addi t ion to sample 
solut ion a mixture of ammonium ferrous sulphate and dimethyl 
glyoxime solut ion followed by sodium hydroxide, complex ( l ) 1G 
oxidized to complex ( I I ) . The decolooration due to oxidation 
Indica tes the presence of nitrocompounds. The iden t i f i ca t i on 
8, 
of n t t roder iva t ive o£ polymers and copolymers of styrene 
17 
t s based on the formation of yellow colour* Nitrocompounds 
can be detected with benzyl cyanide and sodiiam hydroxide. 
The colour r eac t ion permits the de tec t ion of nitrocompounds 
in the presence of amines and m-nitrotoluene in the presence 
of p-nitrochlorobenzene in phenylchloride and 3,5 d i n i t r o -
benzoic acid in the presence of A ,6 -d in i t ro -0 -c reso l . 
The present chapter deals with the de tec t ion of 
aromatic nitrocompounds and t h e i r de r iva t ives with sodiim 
su lph i te In the presence of dimethylsulphoxide, 
gXPSRIMNTAL 
Mater ia l s ; l^ost n i t roaromatics t es ted were Merck guaranteed 
reagents and losed as received. Some were BDH laboratory r e a -
gents grade and were r e c r y s t a l l i z e d by standard procedures 
i m t i l the melting points were in agreement with l i t e r a t u r e 
va lues . The dimethyl suLphoxide (DMSO) was a Baker "Analyzed" 
reagent, Merck acetone, BDH Analar, dimethyl-sulphoxide (/""A.-} 
and BDH sodium sulphi te were used. 
Preparation of solut ions 
Nitrocompounds so lu t ions ; Solutions of a l l nitrocompounds 
were prepaned in d i s t i l l e d e thanol , A 4 mg/10 ml of n i t r o -
compounds was prepared as stock so lu t ion . More d i l u t e solut ions 
83 
were prepared from the stock solut ion when they were needed. 
Sodium sulphi te so lu t ion; A saturated solut ion of sodium 
sulphi te was prepared in conductivity water a t room tempera-
t u r e . 
Procedures; (a) Transfer one micro l i t e r of the t e s t 
so lu t ion on to a white s p o t - p l a t e , followed by one drop of a 
satu]rated sodium sulphi te so lu t ion . Note the colour. Repeat 
with the addi t ion of one drop of DM30, acetone or DMF respec-
t i v e l y . The colour of the product i s deep or l i g h t v i o l e t in 
each case. 
(b) Place a few res in beads (Amberlite IRA-400 CI form) in the 
depression of a white s p o t - p l a t e . Add one m i c r o - l i t e r of t e s t 
so lu t ion , followed by the other reagent as describe in method 
(a) and note the colour on the surface of res in bead. 
RESUL1S 
Al l the ava i lab le nitrocompounds were tes ted by the 
above two methods and found to give pos i t ive response. They are 
l i s t e d as follows; 
1-Chioro-2,4-dinitrobenzene, 1-fluoro-2,4-dinitrobenzene, 
2 , 4 - d i n i t r o a n i l i n e , 3 ,5-dini t robenzoic ac id , 2 ,4 -d in i t ro to luene , 
2,4-dini trophenylhydrazine, m-dlnitrobenzene, 1 ,3 ,5 - t r in i t roben-
zene and 2 ,5 ,7 - t r i n i t ro f luo renone . 
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A number of organic compoijncis were tes ted by above 
procedures and found not to in t e r fe re with the t e s t . They are 
as follov/s: 
Carbohydrates; Xylose, s t a rch , galactose , maltose, f ruc tose , 
L(+)arabinose, l a c to se , glucose, rhamnose, sucrose. 
Acids: Acet ic , formic, t a r t a r i c , ph tha l i c , pyroga l l i c , oxal ic . 
Alcohols; Isopropyl- , e t h y l - , methyl-, 2-methyl- i sopropyl - , 
amyl-, i soamyl- . 
Heterocyclic bases; Pyr idine , p ipe r id ine . 
Aldehydes; Formaldehyde, acetaldehyde, benzaldehyde, p a r a l -
dehyde, p-chlorobenzaldehyde. 
Ketones; Acetophenone, cyclopentanone, cyclohexanone, propio-
phenone, benzophenone. 
Hydrocarbons and t h e i r de r iva t ives ; Benzene, xylene, o-dicLlo-
robenzene, bromobenzene, toluene. 
E thers : Diethyl e the r , a n i s o l e , 1,4-dioxan. 
Amino ac ids : DL-tryptophan, L- lys ine, DL-phenylalanine, L-
h i s t i d i n e . • 
Anil ides; Acetani l ide , benzani l ide . 
8J 
N i t r l l e s ; A c e t o n i t r i l e , b e n z o n i t r i l e . 
Amides; Acetamide, benzamide. 
Amines; Tr imethylamine, t r i e t h y l a m i n e , methylamine, a n i l i n e , 
d i e t h y l a m i n e , d i -phenylamine . 
Phenols ; Phenol , m - c r e s o l , r e s o r c i n o l . 
Misce l l aneous ; Chloroform, carbon t e t r a c h l o r i d e , u rea and 
t h i o u r e a . 
The l i m i t of d e t e c t i o n f o r a number of nitrocompounds 
was determined and t h e r e s u l t s a r e summarized i n t a b l e s 5 , 6 
and t h e i r r e l a t i v e s e n s i t i v i t y to o t h e r t e s t s a r e mentioned 
i n t a b l e 7 . 
DISCUSSION 
The d e t e c t i o n of 1 -Ch lo ro -2 ,4 -d in i t robenzene and 
1 - f l u o r o - 2 , 4 - d i n i t r o b e n z e n e wi th s u l p h i t e ion in d i m e t h y l -
su lphoxide i s based on the fo l lowing r e a c t i o n mechanism propos-
ed by Crampton. 
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The magnitude of negative charge on the f i n a l cr-adduct 
i n the above case i s doubled as compared to the complexes formed 
by the base OH , 
Compounds containing carboxylic group, -CH, groupj phenyl 
group e t c . a t tached to the benzene r ing behave in a j imi la r mamier 
eg. 5,5-ben2oic ac id , 2 ,4 -d in i t ro to luene , Follov/ing are possible 
at tacksof nucleophile s u l p h i t e , e i t h e r to ortho or para pos i t ion 
with respect to ni t rogroup on unsubst i tuted benzene r ing . 
COOH COO" COO' 
+so;^ ^ = ^ 
O^N-^^^NOz O^H 'NO-
H SO3 
3,5-dini t robenzoic acid 
CH: CH: CH3 
NO, 9 - 2 
NO-
H OY H 
NO 
r SO5 O^S 
NO. 
NO. 
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2 ,4 -d in i t ro toluene 
With ra-dinitrobenzene the o—adducts are formed in the 
same way as discussed e a r l i e r . 
H SO^  
^^^^^^^NO 
"i? + SO. ^ - X 
'^ MO h < ^ - > Y N O H 
NO X NO, 
SO. 
NO' 
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However the case of 1 ,3 ,5- t r in i t robenzene i s d i f fe ren t 
from dinitrobenzene. Addition of su lphi te ions v/hich ul t ima-
t e ly leads to o i s / t r ans isomeric diadduct has been explained 
18 by Bemosconi who suggested the following scheme. 
HO Z 
O^^r^^^^O^ 0 / % » ^ N O 0_N'%<-^N02 O^ -^
^ - S ( ^ ^ H HSOg 
The colour react ion of 2 ,A-din i t roani l ine can be des-
cribed in two d i f fe ren t ways. F i r s t l y an i l i ne containing one 
or two ni trogroups with or without halogen has been widely 
19 
used in determining acidity function in alkaline media , It 
is a5sumed_ that the interaction of the base results in proton 
loss rather than base addition with coloured anionic conjugate 
base formation. 
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H-^N''^ 
"^ C^  
_ : i . 
MO-
+ HS05 
Coloured conjugate base 
Secondly there i s a lso the p o s s i b i l i t y of forming 
C7—adduct in a small amount due to the subs t i tu t ion a t 3-
pos i t ion of the benzene r i n g . 
Since 2,4-dinitrophenylhydrazine i s a der iva t ive of 
2 ,4 -d in i t roan i l i ne i t w i l l a lso r e s u l t with proton loss r a the r 
than base- addi t ion forming s tab le coloured conjugate base. 
NH-NH2 rsi-MH2. 
Ground s t a t e resonance 
s t a b i l i z e d coloured conju-
gate base. 
9.1 
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CHAPTER - IV 
MICROGRAM SPECTRDPHDODMETRIC DETERMINATION OF AROMATIC 
DINITROOOMPOUNDS IN APRDTIC SOLVENTS. 
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INTRODUCTION 
A survey of l i t e r a t u r e shows t h a t numerous methods have 
been used for the co lor imet r ic detect ion and determination of 
nitrocompounds. Photometry, amperometry, polarography, c o l o r i -
metry, paper -e lec t rophores is , potentiometry, coulometry, conduc-
tometry and other methods are used for t h e i r determinations. 
1 
English has determined dini trobenzene, dinitrx)chloro-
benzene, dinitronaphthaleney -d in i t ro to luene , and dini troxylene 
i n the presence of t h e i r der iva t ives by in t e r ac t ion with ace -
tone and a d i l u t e a lcohol ic solut ion of sodium hydroxide. 
2 Sawicki has detected and determined polynitroaromatic compounds 
using pentacyanoamincferroate, sodium ace ta te o r calcium chloride 
> metal Zn to give puiT)le, red-purple , green or blue c o l o r a -
3 t ion depending on the aromatic nitrocompounds present , Koniecki 
has determined nitrocompounds spectrophotometrically in u r ine . 
Ni t roder iva t ives of benzene toluene, chlorobenzene, chloroto-
luene, alkoxybenzene, biphenyl, naphthalene and ace tan i l lde 
give red colour on reduction with thiourea in a lka l ine condi-
t ions to produce primary amine >4iich i s d iazot izedted and coupl-
pd witii Chicago ac id . Their range of determination i s 5-50 mg/1. 
Nitrocompounds have been determined spectrophotometrically using 
sodium iodide . A simple method of ana lys i s of nitrobenzene in 
an i l ine and of o ther aromatic nitrocompounds has been developed . 
96 
This method i s based on colour formation between nitrobenzene 
and acetone-potassium hydroxide reagent which i s spec i f ic only 
to ortho and para pos i t ions of n i t r o groups. A simple method 
was developed for spectrophotometric determination of the 
t o t a l amount of nitrocompounds in i n d u s t r i a l waste-water by 
t h e i r reduction with t i tanium chlor ide . The r e s u l t i n g compounds 
are extracted with e ther an I allowed to r e a c t with 1,2-naphtho-
quinone-4-sulfonate to produce coloured product. Aromatic d i -
7 
and trinitrocompoxinds r e a c t with NaBH^ in absolute ethanol and 
are determined spectrophotometrically a t A max 520-30 nm. 
In t h i s chapter we have developed some a n a l y t i c a l methods 
for spectrophotometric determination of aromatic nitrocompounds 
eg, 2 , 4 - d i n i t r o a n i l i n e , 2 ,4 -d in i t ro to luene , 2 ,4-din i t rophenyl-
hydrazine 3 ,5-dini t robenzoic acid ana m~dinitrobenzene in 
microgram amounts. Optimum conditions have been s e t to get 
s t ab l e coloured products . I t i s found t h a t ap ro t i c solvent 
played a very important ro le in s t a b i l i z i n g the coloured pro-
duct , A t h e o r e t i c a l i n t e rp r e t a t i on of t h i s e f fec t has been 
discussed, 
EXPERIMENTAL 
Reagents and Equipment 
Bausch and Lomb •Spectronic 20« spectrophotometer 
equipped with 1 cm glass tube was used for *ab3orbance« measure-
ments. 
fl? 1 
All the reagents used were of a n a l y t i c a l grade. 
Solut ions ; Standard so lu t ions of aromatic dinitrocompounds of 
10"-^ M concentrat ion in d i f f e r en t solvents were prepared. They 
a re as follows: 
(a ) ( i ) 2 ,4-Din i t roani l ine in 30:70 v/v DMSO-EtOH 
( i i ) 2 ,4-Dini t roani l ine in pure DMSO. 
(b) 2,4-Dinitrophenylhydrazine in 70:30 v/v DMSO: EtOH 
(c) 2 ,4-Dini t rotoluene in 60:40 v/v DMSO: EtOH 
(d) 3,5-Dinitrobenzoic ac id : 80:20 v/v DMSO: EtOH 
(e) m-Dinitrobenzene in pure DMSO. 
More d i l u t e so lu t ions were prepared by d i l u t i n g the 
standard stock so lu t ions with the given respect ive solvents 
-2 i n de f in i t e r a t i o s . An aqueoiis 1M sodium hydroxide, a 10 M 
sodium sulphi te and ^% v /v formaldehyde ( in DMSO) solut ions 
were prei>ared. 
Procedure for determination of 2 .4 -d in i t roan i l i ne 
Method 1. To an a l iquo t volume of the sample solut ion 
containing 4-40 ;ug of 2,4 DNA/ml are added 0,1 ml of sodium 
hydroxide solut ion in a 5 ml standard f l a sk . The contents are 
shaken well -before making upto the mark with a mixture of DMSO: 
EtOH (30:70 v / v ) , Absorbance i s taken a ^ i n s t reagent blank a t 
/\ max 540 nm. 
Method 2. To an a l i quo t volume of the sample solut ion 
containing 4-40 jag of 2,4 DNA/ml are added 1 ml of sodium 
su lphi te followed by 0,1 ml of ^% formaldehyde solut ion in a 
5 ml standard f l a sk . Now make up the volume upto the mark by 
adding dimethyl sulphoxide, Absorbance i s taken aga ins t r e -
agent blank a t A max 540 nm. 
Procedure for determination of 2 .4 -d in i t ro to luene , 
To an a l i quo t volume of the sample so lu t ion containing 
20-180 Mg of 2,4 DNT/ml are added 0,1 ml of 1M sodium hydroxide 
solut ion in a 5 ml standard volumetric f lask and d i lu ted upto 
the mark with DMSO: EtOH (40:60 v / v ) . Absorbance i s taken aga-
i n s t reagent blank a t A max 690 nm. 
Procedure for determination of 2.4-dini trophenylhydra2ine. 
To an a l i quo t volume of the sample so lu t ion containing 
4-40 Aig 2,4 DNPH/ml are added 0.1 ml of 1M sodium hydroxide 
so lu t ion in a 5 ml standard volumetric f l a sk . Make up the 
volume by addi t ion of DMS0:Et0H (70:30 v / v ) . (Amax»570 nm). 
Procedure for determination of 3 .3-dini t robenzoic ac id . 
To an a l i quo t volume of the sample so lu t ion containing 
4-50 Aig of 3^5 DNBA/ml are added 0,1 ml of 1M sodium hydroxide 
so lu t ion in a 5 ml standard f lask and d i lu ted upto the mark 
with DMSO:EtOH (80:20 v / v ) . Absorbance i s taken ag&inst a 
reagent blank a t A max 570 nm. 
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PiTOcedure for determination of m-dinitrobenzene. 
To an a l i q u o t volume of the sample solut ion containing 
2-20 pg of m-dinitrobenzene/ml are added 0.1 ml of 1M NaOH 
solut ion followed by 0,1 ml of 1% formaldehyde solut ion in a 
5 ml standard volumetric f lask and d i lu ted with upto the mark 
with DMSO (A max 540 nm). 
RESULTS 
ABSORPTION SPECTRA; The absorption spectra of 2 , 4 - d i n i t r o -
an i l i ne complex ( r ed -v io l e t , A max 5^0 nm (Fig. 1) 2 , 4 - d i n i t r o -
toluene complex (blue green, A max 690 nm) 2 ,4-d in i t rophenyl -
hydrazine (b lue -v io l e t , A max 570 nm) 2,4-dinit3roben2oic acid 
(b lue , v i o l e t , A max 570 nm) and m-dinitrobenzene complex 
(pink v i o l e t , A max 540 nm) were taken aga ins t reagent blsink. 
A l l subsequent measurements were made a t respect ive wave lengths . 
OPTIMUM CONDITION; To get optimum conditions studied were made 
of the addi t ion of d i f f e ren t volumes and concentrat ions of sodium 
hydroxide solut ion to a known amount of nitrocompounds. I t was 
found t h a t 0.1 ml of 1M sodium hydroxide so lu t ion gave the best 
r e s u l t (Table 8 ,9 ) . This volume and concentration followed Beer 's 
Law and produced a s tab le coloured complex. Hence 0.1 ml of 
1M NaOH solut ion was se lected and used throughout the s tud ie s . 
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In the determination of 2 ,4 -d in i t r oan i l i ne with sodium 
-2 
su lph i te a 1 ml of 10 M sodium sulphi te so lu t ion ^ v e optimum 
r e s u l t s (Fig. 2 ) . 
EFFECT OF SOLVENTS; The coloured complexes of 2 , 4 - d i n i t r o -
an i l ine (Method 1 ) , 2,4-dinitrophenylhydra2ine 3 , 5 - d i n i t r o -
benzolc ac id , and 2 ,4 -d in i t ro to luene were found unstable when 
prepared in pure dimethyIsulphoxide. In order to make the 
colour s tab le combinations of two ap ro t i c solvents in d i f fe ren t 
>s were prepared. For example in the determination of 2 , 4 -
^ a n i l i n e (Method 1) the following combinations were t r i e d , 
^^40:60, 50:50 and 60:40 v /v , DMSO-EtOH). I t vias found 
t h a t the most su i t ab le combination was of 30:70 v/v DMSO-EtOH 
which s t r i c t l y follows with confirmlty of Beer ' s law (Table10). 
Similarly the r e s u l t s of o ther nitrocompounds have been summari-
zed in Table 11 and 12 . 
THE EFFECT OF TIME: Time e f fec t was a lso s tudied . I t was 
found t h a t in the case of 2,4-DNA. (Methods 1 and 2) and 2,4 
DNT the coloured complexes were s tab le for 25-30 minutes (Fig. 3)« 
[iowever in the case of 2,4-DNPH the absorbance s tud ies were 
car r ied out a f t e r keeping the coloured complex for 20 minutes. 
I t remained s t ab le for 20-25 minutes, m-Dinitrobenzene complex 
was s t ab l e ftor 8 minutes while 3 ,5-dini t robenzoic acid complex 
was s t ab le for 5 minutes a f t e r keeping the complex so lu t ion for 
3 minutes. Therefore i t was recommended tha t the absorption 
s tudies should be taken within t h i s per iod. 
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CX)NFIRMITY WITH BEER'S lAW AND CONCENTRATION RANGE; 
The concentrat ion range for d i f fe ren t nitrocompounds 
which followed Beer ' s law are given below: 
2 ,4 -Din i t roan i l ine (4-40 jug/ml)^ m-dinitrobenzene 
(2-20 ^»g/ml), 2,4-dinitrophenylhydra2ine (4-60 ^ig/nd), 2 , 4 -
d in i t ro to luene (20-220 Mg/ml), 3,5-ciinitrobenzoic acid (4-50 
Mg/ml) which are presented in F igs , 4 ,5 ,6 ,7 ,8 and 9 respect ively , 
PRECISSION AND ACCURACY; 
To check the reproduc ib i l i ty of the method ten or e igh t 
r e p l i c a t e determination were done for d i f f e ren t nitrocompounds. 
Results are summarized in Table 1 3 . 
EFFECT OF FOREIOJ SUBSTANCES; 
In order to study the a p p l i c a b i l i t y of the method a 
maximum to le rab le amount of foreign substance was added to a 
minimum determinable amount of nitrocompounds. Results are 
summarized in Tables 14,15,16,17,18 and 19. 
DISCUSSION 
The recommended procedures describe the determination 
of 2 ,4 -d in i t roan i l i ne (Method 1 ) , 2 ,4 -d in i t roan i l i ne (Method 2 ) , 
2 ,4 -d in i t ro to luene , 2 ,4-dini t rophenylhydrazine, 3 ,5-d in i t roben-
zoic acid and m-dinitrobenzene using d i f fe ren t DMSO:EtOH v/v 
no 
0.6 I— 
en 
c 
03 
O 
•t-> 
n. 
O 
10 20 30 40 
Amount of 2,4 DNA in(yljg/5mL) 
f^ig-^ (Calibration curve) of the 
complex at max 540 nm 
Ill 
U 12 20 28 36 
Amount of 2,4 DNA taken (yug/ml) 
Fig. 5 Microgram determination of 2,U DNA 
at Xmax 540nm. 
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40 80 120 160 200 240 
Amount of 2,4 DNT taken (Aig/ml) 
Fig. 6 Microgram determination of 2,4 DNT 
at Xmax 690nm. 
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0-6 — 
U 12 20 28 36 /^^ 
Amount of 2,^ DNPH taken 
(/jg/nnl) 
Fi'g.7 Microgram determination of 2,U DNPH 
at Amax 570nm. 
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U«D 
0.5 
cO-/; 
0) 
.i^O.3 
4-* 
o 
0-2 
0.1 ~ 
1 1 i i J 
0 8 16 24 32 40 48 
Amount of 3*4 DNBA taken /jg/ml 
Fig.8 Microgram determination of 3,5 DNBA 
at Amax 570nm. 
iiD 
0-8 r-
6 10 14 18 
Amount of m-DB taken 
(/jg/ml) 
22 
Fig. 9 Microgram determination of m-DB 
at Xmax 5^0 nm. 
. l iG 
Table 13. Magnitude of distribution of Random Errors 
in the determination of nitrocompounds. 
S. jj* Nitrocompounds 
Number Amount of 
of nitroCOro-
de t e r - pound 
mination taken 
( A i g ) 
Mean % Relat ive 
value standard 
(;ug) devia t ion 
1 . 
2 . 
3 . 
4 . 
5 . 
2,4-Dinitroaniline (method 1) 
2,4-Dinitroaniline (method 2) 
2,4-Dinitrotoluene 
2,4-Dinitropheny1-
hydrazine 
3,5-Dinitrobenzoic 
acid 
8 
8 
10 
8 
10 
18.3 
18.3 
91 
19.8 
25.4 
18.3 
18.3 
9 1 . 
20.38 
25.5 
2.69 
2.69 
2.36 
2.65 
2.40 
6. m-Dinitrobenzene 10 10.08 10.17 1.17 
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Table 14. Microgram determination of 2,4 DNA in the 
presence of foreign substances (Method 1). 
S.No. Foreign Substances 
Maximum tolerable 
amount of foreign 
substance added 
(mg) 
9 
1.2 
8 
39 
37 
-
-
-
«» 
_ 
Minimum dtermin 
able amount of 
2,4 DNA 
(Wg) 
4,0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
1. Formaldehyde 
2. Formic acid 
3. Butanol 
4. Benzene 
5. Dimethylformamide 
6. Acetonitrile 
7. Acetone 
8. Chloroform 
9. Carbon tetrachloride 
10. Ethanolamine 
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Table 15. Microgram determination of 2,4 DNA in the presence 
of foreign substances (Method 2). 
S.No, Foreign Substances 
Maximum tolerable Minimum deter-
amount of foreign minable amount 
substances added of 2,4 EWA 
(mg) (Aig) 
1, Formic acid 
2, Benzene 
3. Butanol 
4. Qiloroform 
5. Carbon tetrachloride 
6, Acetone 
7. Ace ton i t r i l e 
8 , Dimelhylformamide 
0.46 
9 . Ethanolamine 
A 5000-6000 
fold addi t ion 
8.0 
8.0 
8.0 
8.0 
8.0 
8.0 
8.0 
8.0 
8.0 
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Table 16. Microgram determination of 2,4-DNT in the presence 
of foreign substances. 
S. 
^* Foreign Substances 
Maximum tolerable 
amount of foreign 
substances added 
(mg) 
MinimtuD determinable 
amount of 2,4 DNT 
(Mg) 
1 . Formic acid 
2 . Formaldehyde 
3 . Dimethylfonnamide 
4 . Ace ton i t r i l e 
5. Acetone 
6. Carbon t e t r ach lo r ide 
7. Butanol 
8. Benzene 
9. Chloroform 
10, Ethanolamine 
1.8 
15 
37 
4.1 
12 
1.23 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
Table 17. Microgram determination of 2,4 DNPH in the 
presence of foreign substances. 
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s. JJ* Foreign Substances 
Maximum 
tolerable 
amount of 
foreign 
substances 
added 
(mg ) 
0.23 
3.0 
3.0 
6.1 
7.3 
2.2 
4.1 
1.0 
0.9 
7.8 
Minimum 
determinable 
amount of 
2,4 DNPH 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
1. Formic acid 
2, Acetone 
3. FormaIdehyde 
4. Ethanolamine 
5• Dime thyIfo rma mide 
6, Butanol 
7. Ace ton i t r i l e 
8 . Chloroform 
9. Carbon t e t rach lo r ide 
10. Benzene 
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Table 18. Microgram determination of 3,5-DNBA in the 
presence of foreign substances. 
s. 
No. 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
Foreign Substances 
Formaldehyde 
Formic acid 
Butanol 
Benzene 
Dime thy If o rmamlde 
Acetonitrile 
Acetone 
Chloroform 
Carbon tetrachloride 
Ethanolamine 
Maximum tolerable 
amount of foreign 
substance added 
(mg) 
10 
2.3 
37 
-
-
20 
0.7 
0.35 
0.40 
2.0 
Minimum 
determinable 
amount of 
2,4 DNBA 
itxg) 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
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Table 19. Microgram determination of m-DB in the presence 
of foreign substances. 
S. J,* Foreign Substances 
Maximum tolerable 
amount of foreign 
substance added 
(mg) 
Minimum 
determinable 
• amount of 
m-DB 
(Mg) 
1, Formic acid 
2, Acetonitrile 
3. Dimethylformamide 
4, Acetone 
5. Benzene 
6. Butanol 
7 • Ethanolamine 
8, Chloroform 
9. Carbon tetrachloride 
4.6 
20 
37 
0.7 
22 
3.0 
15 
20 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
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ratios for optimum conditions in order to stabilize the coloured 
product. The solvent action plays an important role in stabili-
zation process. The autopro to lysis constants (Table 20) of the 
—20 ~2 
ethanol (8x10 ) and dime thy Isulphoxide (1x10 ) are almost of 
the same order of magiitude. However their actions are diffe-
rent, DMSO increases the sensitivity of the coloured product 
whereas ethanol is to stabilize the colour reaction by forming 
Q 
hydrogen bond with excess of base "B" , 
EtOH B 
The presence of excess of nucleophile base may fur ther 
a t t ack on d i f fe ren t pos i t ions of benzene r i ng . Therefore the 
formation of hydrogen bond checks i t s fu r ther r e a c t i v i t y . 
In the case of m-dinitrobenzene and 2 ,A-din i t roani l ine 
(Method 2) DI*BO i s used as solvent . However for the colour 
s t a b i l i z a t i o n of the complex a 0,1 ml of 19^  formaldehyde was 
also used. The excess of 0H~ a c t i v i t y i s r e s t r i c t e d by forming 
g 
the following species , 
HCHO + OH > C ^ 
H OH 
The reaction mechanism of nitrocompounds with nucleo-
philic base (OH") has already been discussed in Chapter II, 
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Table 20. List of autoprotolysis constants and dielectric 
constants of different solvents. 
S.No 
1 . 
2 . 
3 . 
4 . 
5 . 
6 . 
7 . 
8 . 
9 . 
10 . 
1 1 . 
12 . 
>. Subs tances 
Dimethyl su lphoxide 
A c e t o n i t r i l e 
Ethanol 
Methanol 
Water 
Ace t i c a c i d 
Formic a c i d 
Hydrogen f l u o r i d e 
S u l p h u r i c a c i d 
Ammonia 
Ethylenediamine 
Methyl i s o b u t y l ketone 
A u t o p r o t o l y s i s 
c o n s t a n t 
pks 
20 
28 
19.1 
16 .7 
14 .0 
14.45 
6 .2 
11.7 
3 . 6 
27 
13 + 1 
30 
D i e l e c t r i c 
c o n s t a n t 
46 
36 .7 
24 .3 
3 2 . 6 
78 .5 
6.13 
58 .5 
84 
100 
16.9 
12.9 
13.1 
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The detect ion of 2 ,4 -d in i t roan l l i ne with sodium 
su lphi te ions in pure dime thy Isiilphoxide solvent has been 
discussed in Chapter I I I which a lso holds in i t s determination. 
Formaldehyde which i s used as colour s t a b i l i z a t i o n makes an 
i n e r t atmosphere to check the oxidation of S(IV) to 3(VI) 
compound . 
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CHAPTER - V 
MICROGRAM DETECTION OF ALIPHATIC AMINES WITH 2,4-
DINITROANLINE IN DIMETHYLSULPHOXIDE, DIMETHYLPOR-
MAMIDE AND ACETONE. 
12'/ 
INTRODUCTION 
Amines are important organic substances with a basic 
nitrogen atom which can donate a lone-pair of electrons. They 
give interesting colours with polynitroaromatics and also re-
1 2 
actions of biological importance * . 
A survey of literature shows that numerous methods have 
been used for the colorimetric detection and determination of 
3 
amines. In nonaqueous media p-dimethylaminobenzaldehyde gives 
interesting colour with amines in addition to heterx)cyclic 
nitrogen compounds. As colours produced are unstable, this 
reaction cannot be used for the spectrophotometrie determina-
tion of amines, Qureshi and Khan therefore used p-dimethyl 
arainocinnamaldehyde (p-DAC) for the detection and determination 
of primary and secondary aromatic amines as it produces a stable 
colour with amines. Umbreit^ proposed a colorimetric method for 
the determination of secondary amines. Another spectrophoto-
metric method is used for the determination of primary, secon-
dary and tertiary aliphatic amines, A simple simultaneous colo-
7 
rimetric determination of primary and secondary aliphatic amines 
with fluorescamine has been described, Qureshi and coworkers 
have detected and determined aliphatic amines with 2,4-dinitro-
phenylhydrazine by resin-spot technique, A new sensitive and 
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Q 
s e l e c t i v e method f o r t h e d e t e c t i o n of a l i p h a t i c amines has 
been developed us ing 2 , 4 - d i n i t r o t o l u e n e a s r e a g e n t , Hassan 
10 
e t a l . . determined a l i p h a t i c primary and secondaiy amines 
s p e c t r o p h o t o m e t r i c a l l y by r e a c t i o n wi th p-benzoquinone. 
Resin beads have been used to adsorb the co loured 
complex even from a very d i l u t e s o l u t i o n when the co lou r d e t e c -
t i o n i s n o t p o s s i b l e . The c o n c e n t r a t i o n of coloxired s p e c i e s 
a t the bead su r f ace makes the d e t e c t i o n p o s s i b l e . This i n c r e a -
s e s the s e n s i t i v i t y a s w e l l as s e l e c t i v i t y of t h e t e s t . In 
t h i s c h a p t e r we d e s c r i b e t h e microgram d e t e c t i o n of a l i p h a t i c 
amines us ing r e s i n beads . A t e n t a t i v e r e a c t i o n mechanism has 
been proposed bet^.'-een a l i p h a t i c amines and 2 , 4 - d i n i t r o a n i l i n e , 
EXPERIMhlNIAL 
M a t e r i a l s ; A l l the r e a g e n t s used were of a n a l y t i c a l g rade . 
Dimethylsulphoxide (DFiSO) was from Baker "Analyzed r e a g e n t " and 
dimethylformamide (DMF) from B.D.H. "Analar" . 
Resin; Amber l i te IRA 400 (Cl" form) was used a f t e r proper 
r e g e n e r a t i o n and washing. 
2 . A - D l n i t r o a n i l i n e S o l u t i o n ; A 0.02M 2 , 4 - d i n i t r o a n i l i n e 
( 2 , 4 DNA) s o l u t i o n was prepared i n d i s t i l l e d e t h a n o l . 
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Test solut ion of amines; 1% v/v stock solut ions were p r e -
pared in conductivity vvater. More d i lu t e solut ions were p r e -
pared from stock so lu t ion . 
Procedures; Place 4-5 res in beads (in Cl~ form) in the 
depression of white spo t -p l a t e . Add one drop (0.01 ml) of 
amine solut ion on the res in beads followed by one drop of the 
reagent so lu t ion ; Add a few drops of acetone, DMF or DMSO and 
s t i r the contents with a glass rod. An immediate reddish 
orange colour appears on the res in bead, i f the t e s t solut ion 
contain an a l i p h a t i c amine. 
RESULTS 
Following amines were detected in three different 
solvents and found to give positive test. They include; 
Methylamine, ethylamine, dimethylamine, diethylamine, 
n-butylamine, trimethylamine, triethylamine, ammonia, piperi-
dine, n-propylamine, cyclohexylamine. The order of sensitivity 
of these solvents has been found b^ follows; 
DMSO )> DMF y Acetone 
The limit of identification of the above amines has been 
presented in Table 21. 
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Table21. Limit of identification of aliphatic amines. 
S, Aliphatic amines and 
No. related substances 
Amount detected in different 
solvents 
Acetone DMF DMSO 
(wg/0.01ml) (jug/O.OIml) (Mg/O.Olml) 
1. 
2 . 
3 . 
4 . 
5 . 
6 . 
7 . 
8 . 
9 . 
10 . 
1 1 . 
Methylamine 
Ethylamine 
Dime thy laraine 
Diethylamine 
n-Butylamine 
Trimethylamine 
Tr ie thy lamine 
Ammonia 
F i p e r i d i n e 
n-Propy lamine 
Cyclohexylamine 
40 
60 
60 
60 
16 
120 
16 
60 
•16 
60 
20 
4 
6 
16 
6 
4 
100 
6 
16 
4 
4 
4 
2 
4 
10 
4 
2 
40 
4 
10 
2 
2 
2 
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A number of organic compoi.vnds were tes ted by the 
recommended procedure and found not to in t e r fe re with the t e s t . 
They are as follows: 
Amines; 
Amides; 
Ani l ides ; 
Ketones: 
Aldehydes; 
Phenols: 
Ethers : 
Ani l ine , dimethylani l ine , pyr id ine , diphenyl-
amine, <5<-naphthylamine, p-phenyldiamine, m-
phenyldiamine, j^-naphthylamine. 
Acetamide, benzamide, nicotinamide. 
Acetanilide, benzanilide. 
Acetophenone, benzophenone, ethylmethyl ketone, 
Acetaldehyde, p-dimethyl amino benzaldehyde, 
salicilaldehyde, cinnaraaldehyde. 
Resorcinol, phenol, m-cresol. 
Diethylether, anisole, 1,4-dioxan. 
Miscellaneous: Urea, thiourea. 
N i t r i l e s : A c e t o n i t r i l e , benzon i t r i l e . 
Amino ac ids ; Histidinf^, L-aspart ic ac id , glycine, 
DL-methionine, L-lysinmonohydrochloric acid. 
DISCUSSION 
The in t e rac t ion of a l i p h a t i c amines and re la ted 
coniplexes (as base) with 2 ,4 -d in i t roan i l i ne ac ts as 
strong acid due to the presence o-f two powerful e lec t ron 
withdrawing gro\5>s can be explained by the following 
scheme. 
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H.H / H 
+ RNH, 2 -^  
Aliphat ic 
amines 
RNH, 
® 
(acid) (base) Conjugate I 
base 
The conjugate base of 2,A-dinitroaniline gets 
resonance stabilized resulting the formation of a high 
negatively charged coloured species. 
"c-
Conjugate base 
II 
Resonance stabilized 
coloured conjugate base 
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Hie above f ac t s are supported by Cranipton and 
10 Wilson , s tud ies on the i n t e r ac t i on o£ 2 ,4 -d in i t roan i l i ne 
and i t s de r iva t ives with a base (sodium methoxide) in DMSO-
methanol r e su l t i ng a proton loss ra ther than the base 
adduct i . e . o--complex. However the decrease in i t s a c i -
d i ty resu l ted as the N-subst i tuted varied along the se r ies 
Me, Bu , Pr , Bu , Further the presence o£ coloured con-
jugate species are confirmed by v i s i b l e spec t ra l s t ud i e s . 
Al terna t ive ly highly charged ionic species are capable of 
11 forming r e l a t i v e l y s t ab le ion-pai r \ i t i s t en t a t i ve ly 
suggested t h a t the above negatively charged conjxigate base 
species ( I I ) may also form coloured species by ion-pa i r fo r -
mation with pos i t ive ly charged species of conjugate acid 
of amine by the following scheme. 
+ RNH, 
Q 
•^^ 
N-H 
RNH, 
® 
Coloured complex from 
ion-pa i r formation. 
10 Crampton used methoxide anion as base which forms 
an uncharged species (conjugate acid) a f te r accepting a 
proton. Hence in such a case ion-pai r coupling did not a r i s e . 
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Ammonia, a l i p h a t i c amines and cyclohexylaraine are found 
to give a pos i t ive t e s t with recommended procedure while aroma-
t i c amines give a i^egative t e s t . In the former case there i s 
no p o s s i b i l i t y for resonance s t a b i l i z a t i o n in e i t h e r R1'1H2 or 
RNH, and hence the unshared pa i r of e lec t ron on ni t rogen atom 
of a l i p h a t i c amine i s shared up with proton (released from 
2,4 DN/v) to form a new covalent bond v/ith ni t rogen atom (N-H). 
Therefore t h e i r base d i s soc ia t ion constants (Table 22) are 
r e l a t i v e l y much h i ^ e r than the base d i ssoc ia t ion constants 
of aromatic amine (Table 23). In the l a t e r case, i e , aromatic 
amines, the \anshared pa i r of e lect rons on ni t rogen atom and 
electrons of the benzene r ing are delocalized r e s u l t i n g a s t a -
b i l i z ed resonance s t r u c t u r e . Taking the example of an i l i ne the 
t o t a l resonance s t a b i l i z a t i o n energy of an i l i ne w i l l be about 
3 KCal/mole grea ter than tha t of C^H-NH,"^  and tha t the difference 
in free energy between C^ H NH2 and C^ H NHJ" w i l l be 3 KCal/raole 
grea ter than would otherwise be the case . This large free ener-
gy difference due to t h i s resonance effect w i l l be re f lec ted in 
a much smaller value of Kg for aromatic amines as compared to 
a l i p h a t i c amines , For example Kg of an i l i ne i s 10 l e s s than 
tha t of cyclohexylamine. The proton acceptance to form a nev/ 
12 N-H bonding i s therefore l e s s d i s t i n c t i v e in such cases . 
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Table 22. Base dissociation constant (K^) of aliphatic 
amines in water. 
S.No. Aliphatic amines 
1 . 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
Ammonia 
Methylamine 
Ethylamine 
Diethylamine 
Dimethylamine 
Butylamine 
Trimethylamine 
Triethylamine 
Piperidine 
Cyclohexylamine 
n -p ro py la mine 
Kg in 
1.8 X 
4.A X 
5.6 X 
9.6 X 
5.2 X 
2.8 X 
7.4 X 
4.4 X 
1.6 X 
4.4 X 
4.7 X 
water 
10"^ 
10-^ 
10-'' 
10-* 
10-* 
10-* 
10"^ 
10-* 
10-3 
10-* 
10-* 
I3€ 
Table23. Base dissociation constant (Kg) of aromatic 
amines in water. 
S.No. Aromatic amines Kg in water 
1. Pyridine 
2. Aniline 
3 . p-toluidine 
A, m-nitroaniline 
5# Benzidine 
6. Diphenylamine 
7. p-nitroaniline 
8. 1-Naphthylamine 
9. 2-Naphthylamine 
1.7 X 
3.8 X 
10"^ 
10-^0 
1.48 X 10"^ 
4 .0 X 
1.4 X 
^ 
1.1 X 
9.9 X 
2 .0 X 
10-13 
10-15 
1 0 - 1 ^ 
10-12 
10-11 
10-10 
.137 
-NH2. +H 
Stabilization energy = 41 Kcal Stabilization energy = 38 Kcal 
Kg = 3.8 X ^0'^^ 
Therefore the aroiratic amines give a negative test 
by the recommended test. 
The base dissociation constant of cyclohexylamine is of 
same order of magnitude as tiiat of aliphatic amines, although 
it is having a ring structure. In this case also the unshared 
electron pair of nitrogen forms a bond (N-H) and hence prevent-
12 ing it from being delocalized over the benzene ring , The 
test with cyclohexylamine is found to be positive. 
S>NH,^H® =^ ^<SVNH3® 
Stabilization energy = 0 Kcal Stabilization energy = 0 Kcal 
Kg = 4.4 X 10"^ 
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CHAPTER YI 
N.M.R. AND SPECTRO^ETRIC STUDIES ON ANIONIC COMPLEXES 
BETWEEN 2,4-DINITROANILINE AND INORGANIC BASES IN 
DIMETHYLSULPHOXIDE. 
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A review of the l i t e r a t u r e shows the in t e r ac t ion o£ 
a large niaaber of nitrocowpounds and t h e i r de r iva t ives with 
organic bases in non aqueous solvents to form anionic a- -
conplexes, charge- t ransfer coiiplexes,radical-anion and ca r -
banion. If the subs t i tuen t grovq? contains one or more acidic 
protons, ion l sa t ion to the conjugate base eg (a) may occur 
i n coinpetltion with <r--complex formation and the conjugate 
base may i t s e l f undergo anion a t tack (b ) . 
(a) (b) 
(R^.OCHj.) 
<r-adducts are often referred as "Keisenheimer 
1-5 conplexes" '^, A number of inorganic bases are also used 
to i n t e r a c t with nitrocompounds in dimethylsulphoxide-
Methanol/HpO in the study of Meisenheimer complexes. The 
species formed in the i n t e r ac t i on of aromatic nitroconpounds 
with anionic and neu t r a l bases have been under study since 
1902 but i t i s only in l a s t several years t ha t de f in i t e 
H« 
evidence on their structures have been studied chiefly 
through -^Hnmr studies'"^. For example the interaction of 
1,3,5 trinitrobenzene and its derivatives with sodium-
10 
sulphite in water and dimethylsulphoxide mixture by 
Iftamr and visible spectroscopy. The addition of sxolphite 
ion on 1 or 5 position on benzyl ring or on both depends 
on its increasing interaction. 
H SO" 
Recently they have reported the reaction of 1-
chloro-2,4-dinitrobenzene and sulphite ions in dimethyl-
sulphoxide-water mixture '. A study of ^Hnmr spectroscopy 
and !:inetic measvirements showed the attack at 5-position 
(I) than at 1-position (II), The fact was further confirm-
ed by spectrophotometrie studies. A red-violet colour 
which attributed to the o—adduct (5 position) at Amax 
Ca 540 nm. 
1 4 1 
N02 -^S03^ 
CL JO3 
^ast 
In t h i s chapter we have extended preliminary i n v e s t i -
gations on a large number of d i f fe ren t inorganic bases such 
as sodium su lph i t e , sodium s i l i c a t e , sodium arsenate9 
sodium molybdate, sodium s e l e n i t e , sodium t e l l u r i t e , sodium 
tungs ta te , sodium bora te , sodium carbonate, sodium sulphide 
in water and to study t h e i r i n t e rac t ions p a r t i c u l a r l y with 
2 ,4 -d in i t r oan i l i ne in pure/mixture of dimethylsulphoxide, 
A de ta i l ed study and spec t r a l p roper t i e s of conplex 
between t e l l u r i t e and 2 ,4 -d in i t r oan i l i ne in d i f fe ren t mole 
r a t i o has been made in accordance with the e a r l i e r s t i d i e s of 
12 1,3,5 t r in i t robenzene anion conqplexes . Results of some 
of the important cases are summarized in Table 24. The e f fec t 
142 
in 
o 
« 
O 
CO 
+> 
s 
o 
o 
g . 
+> (D 
CO X 
a « 
o 
o 
o 
a 
1 
O 
(0 
m 
0) 
•H 
+> 
f-i 
a> 
s s 
t« -p 
+* Tl u C 
p. (< 
W -P 
CM 
H 
(0 
i:4 § 
O 
OJ I 
i 
S 
o 
CM a 
a 
a 
•p 
c 
> 
iH 
O 
CO 
c-
• 
CM 
-4-
• 
if\ 
r-
O 
C>-
o CM 
C--
^ 
CM 
O O 
lA 
» 
rn 
m 
o 
CM 
O 
o 
CO 
CM 
CM 
O 
CM 
a 3 •H 
^ 
1 
O 
1 
o J ^ s 
o 
CM X 
O 
Jf^ 
5 
II 
ro 
o 
CO 
8 
ITV 
CM 
CM 
o 
o 
o 
• k 
i n 
m 
o 
o CM 
* 
T -
rn 
8 
0> 
«k 
m 
rn 
8 
m 
• k 
m CM 
O O 
a\ 
m 
a\ 
tr\ 
m 
c^  <f 
i n 
<T> 
•4-
t^ 
cr» 
-4 
i n 
CM 
i n 
i n 
i n 
i n 
o i n 
-4-
u 
o • p 
« 
:* 
i n 
CM 
o 
§ X! 
4J 
a> S 
i n 
CM 
-4 
H 
I 
f i 
S 
wj 
CM 
VO 
•4-
^ 
0) 
+i 
CD 
SE 
l > 
rn 
g 
o «M 
g 
O 
H 
6 
U'i 
o-f concentrat ion of base and nitrocompound in the forma-
t i o n of con^jlex has also been stxjdied. A *HNmr spectronic 
inves t iga t ion reveals the proton loss and existence of 
con;jugate base (>95%) . 
EXRSRIMENTAL 
All reagents were of Analyt ical grade, iHKmr 
measurements ware made a t 22°C on 0.4M solu t ions with a 
Varian 60 D i rs t rument . Tfetramethylsilane was used as 
i n t e rna l reference. 
Vis ible spec t ra l measuremants were made with 
Bausch and Lomb "spectronic 20" spectrophotometer with 
-4 
subs t ra te concentrat ion of 1x 10 M. 
R£SUL!CS AND DISCUSSION 
(1) ^HNmr Studies ; Aniline i s widely vised In alkal ine 
13 
media , The ac id ic character decreases in i t s a lkyl der i -
v a t i v e s . The mode of ioniza t ion of 2 , 4 - d i n i t r o a n i l i n e and 
i t s conjugate base i s given below^. 
Mi 
( I ) ( I I ) 
Coloiired conjugate 
base 
( I I I ) 
H-^J-H 
• ^ 
Case I . Such s tud ies were car r ied out by taking a 
mixture of 2 , 4 - d i n i t r o a n i l i n e and sodium t e l l u r i t e in 
7 0 : 30 v/v Qg-DMSO: H^O. 
iHNntr spect ra of 2 ,4 -d in i t roan i l i ne in D^ -DMSO 
shows a s e r i e s of bands with s h i f t s between ^ 9 to ^ 7 , The 
r ing protons absorb a t low f i e ld 3-H ( ^ 8 . 8 ) , 5-H ( ^ 8 , 0 ) , 
14J 
6-H ( ^ 7 . 1 ) (Fig. 12) and -WHg protons give a f a i r l y broad 
s ignal a t ^ 8 . 3 . The addi t ion o£ t race amount of base in 
nitrocompound so lu t ion in Dg DMSO resul ted the disappea-
rance of -NHp peak which suggested e i t h e r the loss of one 
of i t s proton or exchange of amino proton and solvent (D/H 
exchange). No appreciable sh i f t ing of r ing protons s igna ls 
towards high f i e l d was observed. However an addi t iona l 
in tens ively broaden peak a t much higher f i e l d a t S 4,8 was 
found due to water or i t s i n t e r ac t i on with solvent D -^DMSO. 
The red v i o l e t colour developed may be due to the presence 
of a very minor s t ruc tu re associated with the i n t e r ac t ion 
between 2 ,4 -d in i t roan i l i ne and sodium t e l l u r i t e . Results 
are summarized in Table 25 , 
Case I I , Increasing the concentration of base tp to rnol-ar 
r a t i o of 1:1 was found to caxose a smooth s h i f t to high 
f i e l d of the r ing proton resonances cons is ten t with rapid 
exchange between the parent ( I ) and i t s conjugate base ( I I ) . 
There was no de tec tab le change in the pos i t i on of a doublet 
due to 3-H ( ^8 ,8} r ing protons remain constant while -NI^ 
peak height was again decreased and 5-H ( ^ 7 . 9 ) , 6 -H(^7 .0 ) 
proton shif ted towards high f i l e d (Fig, 13), No new bands 
a t t r ibu ted t o <7" -adducts were detected. Roughly such 
s tudies indicated tha t proton loss i s the major reaction 
with base Table 25, 
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a . A 
a N 
147 
a. I 
a. < 
,118 
-Table 25. ''HNmr chemical sh i f t ( S ) ^or 2 ,4 -
d i n i t r o a n i l i n e and i t s conjijgate base. 
3-H 5-H 6-H Water N-H 
Aniline 8.8 8.0 7.1 8.3 
Case I 2,4 WA in 
DgDMSO + Sodium 
tellurite in 70:30vA' 8.8 8.0 7.1 4.8 
DgDMSO/ HgO mixture 
Case II A 1:1 molar 
equivalent mixture 
of 2,4 UNA in D^ DMSO 8.8 7.9 7.0 4 ,9 
and Sodium tellurite 
dissolved in 70:30v/v 
Dg-DMSC/ HgO mix. 
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Spectrophotometric Studies: Visible spectra of 2 , 4 -
d i n i t r o a n i l i n e (1x10 M) in dimethylsulphoxide and sodium 
t e l l u r i t e (1x10~^M) in 70:30 v/v DMSO:Water mixture was 
recorded by adding 1 ml of each in a 5 ml standard f lask 
and making the volume i5)to the mark by 70:30 v/v dimethyl-
sulphoxide: water mixture. The spectrum displayed two 
d i s t i n c t maxima a t 380 nm and 520 nm ( red -v io le t coloured 
complex) in the v i s i b l e region (Fig. 10) , 2 ,4 -Din i t roan i -
l i n e i t s e l f shows a maximxm a t 360 nm. The r e l a t i v e i n t e n s i -
t i e s of these bands vary with the solvent composition, the 
l a t t e r being favoured in media r i c h in dimethylsulphoxide. In 
view of HNmr data these were a t t r i bu ted to the conjugate 
base ( I I ) while very small amount of cr-adduct a t 3 -
pos i t i on (IV) was formed. In the case of 2 , 4 - d i n i t r o -
an i l ine the grea ter energy separat ion of the bands probab-
ly r e f l e c t s the cont r ibut ion of s t ruc tu re ( I I I ) in which 
the energy of the t r a n s i t i o n involving the 0-nitrogroup 
w i l l be lowered and tha t involving the p-nitrogroup co r re s -
14 15 
pondingly ra i sed ' ^, A major fac tor favouring the p ro -
ton loss in the case of 2 ,4 -d in i t roan i l i ne i s the presence 
of aminoproton not i n t e rna l l y hydrogen bonded to a n i t r o -
groi?). This evidently has an acid strengthening e f fec t . 
The existence of o- -adduct i s supported by high molar 
ex t inc t ion co-ef f ic ien t of high energy bands Table 24, 
t yp ica l ly a fac to r of from 1,3 - 2 , 5 times l a rge r than tha t 
150 
0-0 400 500 
Wavelength A(nm) 
600 
Fig. 10 Absorption spectra of the red~violet 
2,4 DNA" telhirlte complex. 
m 
of the low energy band i s character ized by a value of 
the range 2 -4x10^1 rool cm Table 27, 
Job ' s method of continuoiis va r i a t i on has been 
adopted for the composition of the coloured complex formed. 
Measurements using equimolar and nonequimolar solut ions 
were taken which suggest a 1:1 molar r a t i o of the complex 
Table26,Job»s method was used to ca lcula te the formation 
constant of the conplex (K). A high value of K of 1Cr 
order was obtained Table 27. 
The r e s u l t s obtained from absorption measurement 
s tudies also received confirmation from conductivity 
s tudies using mole r a t i o method Table 28 (Fig. 11). 
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Calcxilatlon of stability constant of the complex 
The extrapolated valxie (A ) near the equivalence 
point on the plot corresponds to the total absorbance of 
the conplex If the complex formation is complete. Ac-
tually the complex is slightly dissociated in this region 
and the absorbance read is therefore somewhat lower. When 
a 1:1 conplex - the ratio of the true absorbance to the 
extrapolated absorbance is the mole fraction of coD¥»lex 
actxially formed. 
A ^ C^J 
A ° C 
exp 
/'V^J » Mole fraction of the complex 
C » Total analytical concentration 
In the above case 2,5 ml of 1 x lO'^ M^ 2,4-DNA in 
DMSO + 2.5 ml of 1 x 10~^M sodium tellurite in 70:30 
DMSO : K^ O form a conplex 
£ + N = BN 
0.0025 0,0025 0.0025 
Total millimoles of the conplex » 0,0025 
Cone, in millimoles /ml » ^t^^^^ 
5 
- 0,0005 mi l l imoles /ml 
The r a t i o of the t r u e absorbance t o the e x t r a p o l a t e d a b s o r -
bance i s t h e mole f r a c t i o n of complex a c t u a l l y formed. 
BN a A t r u e x Cone. 
A 
exp 
, 1>1 X O.OOOfi 
1,2 
« 4 .6 X 10"^ 
K ( s t a b i l i t y c o n s t a n t ) - L M I . fr-^ x 10 
( C B - Bh4)(C^-BN) i S x I O - I O 
" 2 ,8 X 10^ 
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NANOGRAM DETECTION OF m-DINITROAROMATICS 
AND THEIR DERIVATIVES 
A RE-EVALUATION OF THE SPOT-TEST BASED ON 
THE JANOVSKY REACTION 
SYED ASHFAQ NABI SEEMA HAQUE and PUSHKIN M QURESHI 
Department of Chemistry, Aligarh Muslim University, Aligarh 202001, India 
(Received 17 May 1982 Revised 23 May 1983 Accepted 1 June 1983) 
Summary—The spot-test for m-dinitroaromatics and their derivatives based on the Janovsky reaction 
IS re-investigated The sensitivity of the spot-test has been much enhanced by changing the solvent and 
using the novel "pellet" spot-test With the "pellet" spot-test and dimethylsulphoxide, 4 50 ng of 
m-dinitroaromatic compounds and their denvatives can be detected The change from acetone (used in 
the onginal spot-test) to dimethylsulphoxide changes the reaction product in most cases 
The past few years have seen a considerable increase 
in study of the reactions of polynitroaromatics, but 
though most of these compounds are coloured, httle 
use has been made of the reactions in organic anal-
ytical chemistry, apart from the specihc colorimetnc 
detection of aliphatic amines' ^ These tests were 
based on anionic complexes, which have a much 
higher molar absorptivity than charge-transfer com-
plexes. Four excellent reviews cover the field to 
1970 3-* 
The detection of m-dinitroaromatics and their 
derivatives is very important, as most of them show 
carcinogenic activity 2,4-Dinitrotoluene, for exam-
ple, has recently been shown to be in important 
hepalocarcinogen ' Further, the reactions can be used 
for the determination of dinitrophenyl (DNP) deriva-
tives of amino-acids, e ^ , by means of their reaction 
with cyanide' 
Perhaps the oldest colorimetnc reaction in this held 
IS the interaction of w-dinitroaromatics and their 
derivatives with acetone in the preseni.e of alkali, the 
so-called Janovsky reaction ' This method was hrst 
successfully applied to the determination of m-
dinitroaromatics by English,'" who claimed 0 05",, ol 
these compounds could be detected in the mononitro 
compounds A spot-test published 6 years later" 
showed the practical hmit ranged from 0 5 fig for 
m-dinitrobenzene to 9 /tg for^.S-dinitrObenzoic atid 
However, as shown in this paper, there is great scope 
for increasing the sensitivity of this reaction 
A new technique, the "alkali pellet" spot test, has 
been developed, which gives maximum sensitivity It 
appears this will be a useful technique in those 
equihbrium reactions where the hydroxide ion is a 
reactant 
A - l - O H - ; ^ A O H -
and the equilibrium constant is favourable 
EXPERIMENTAL 
Materials 
Most nitroaromatics used were guaranteed-reagcnl grade 
(Merck), and were not further purified Some were labora 
tory reagent grade (B D H or Koch-Light) and were re 
crystalhzed until the melting points were in agreement wilh 
the hterature valuer The dimethylsulphoxide (DMSO) was 
a Baker "Analyzed Reagent", the dimethylformamide 
(DMF) was B D H "Analar" 
The micropipette used was precise to ±V/„ Amberlitt 
IRA-400 (CI form) was used lor the ' resin spo(-tcs( 
Procedures 
{a) Place one drop (1 ^1) ol a solution of the test 
substance in distilled ethanol in the depression of a white 
spot-plate, lollowed by one drop (~50 jil) of SCu sodium 
(or potassium) hydroxide solution (prepared with condut 
tivity water) Add one drop of acetone (~50 ft\) and nolc 
the colour If the lest is negative add 4 or 5 drops more 
acetone and again note any colour Repeat this procedure 
but replace the acetone hrst with DMF and then with 
DMSO 
(/)) Place a lew resin beads (Amberlite IRA-4()() CI 
form) in the depression of a white spot-plale Add to the 
beads one drop (1 pi) of the test solution in distilled clhanol 
lollowed by the other reagents as described m («) 
(() Repeal procedure if>) with a clean pellet ol sodium (ot 
potassium) hydroxide instead ol the resin beads 
RtSUlIS 
The analytical results are tabulated in Table i 
together with a comparison with other methods A 
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number of organic compounds were tested by pro-
cedures (a), (b) and (O and found not to mterfere 
with the test They include carbohydra a 
[L( + )-arabinose, lactose D(-(-)-malezitose, glucose, 
rhamnose, sucrose], acids (acetic, formic, tartaric, 
phthalic, pyrogaliic, oxahc). alcohols (propan-2-ol, 
ethyl, methyl, 2-methylpropan-2-ol, amyl, isoamyl), 
heterocyclic bases (pyridine, pipendine), aldehydes 
(formaldehyde, acetaldehyde, benzaldehyde, paral-
dehyde, p-chloiobenzaldehyde), ketones (aceto-
phenone, cyclopentanone, cyclohexanone, propio-
phenone, benzophenone), hydrocarbons and their 
derivatives (benzene xylene, <;-dichlorobenzene, 
bromobenzene, toluene), ethers (diethyl, anisole, 
1,4-dioxan), amino-acids (DL-tryptophan, L-lysine, 
DL-phenylalanine, L-histidine), anilides (acetanilide, 
benzanilide), nitriles (aceto, ben/o). amides (acc-
tamide, benzamide) amines (trimethyl, tiiethyl 
methyl, diethyl, aniline, diphenyl), phenols (phenol, 
m-cresol, rcorcinol), miscellaneous (chloroform, car-
bon tetrachloride, urea, thiourea) 
DISC L SSION 
This spot-test IS based on the general reaction 
involving a compound that contains an aromatic ring 
with two or three electron-attracting groups in the 
meta-posittons, and an anion suitably activated to 
give highly coloured complexes ' 
A glance at Table 1 shows that the sensitivity can 
generally be improved by replacing the conventional 
spot-test by the resin spot-test and further improved 
by the novel ' alkali pellet " spot-test 
We have also changed the solvent, and in addition 
to acetone (used in the original spot-test), have used 
two polar aprotic solvents, DMF and DMSO, which 
increase the sensitivity, the order being 
DMSO > DMF > acetone, which is also the order of 
the dielectric constants DMSO has a special ability 
to stabilize anionic species " 
Test substances (nitrcaromatics) which gave yellow 
or orange colours were not considered 
l-Fluoro-2,4-dinitrobenzene gives a violet colour 
with acetone, an orange-red colour with DMh and a 
bluc-violet colour in the presence ol DMSO Ihcrc-
lore there is a potential for using these interactions to 
deve'op solvent polarity scales similar to those ol Taft 
et al'"" There is also scope for using these reactions 
as acidity indicators "'''' 
The colours produced in the alkaline solutions of 
poiynitroaromatics can be due to a variety of inter-
actions, which will be discussed individually below 
m-Dinitrobenzene 
The coloured species proposed (Y = OH or OD) is 
H Y 
which IS stable, has 
, = 526 nm 
(1) 
,, = 526 nm, and is formed in 
>70 mole",, DMF medium 
I ibl 1 1 mm ol Jt l t t lum i;jx /i/) 
Name ol n i t npound 
1 ( hlori) 2 4 ilinilrii|xii/i,in. 
1 H u o r o 2 4 d in i ln b e n / t n t 
2 4 Dinilrodnilint 
3 5 Dinilrobenzoic acid 
2 4 Dmitroioluene 
2 4-Dini t rophenylhydrdzme ^ 
m Dinilrobenzeni, 
1,3,5-Tnnilrotoluene 
(C) Conventional spot test (P) Pellet 
•BV Blue violet G C r u n OR O n n g L 
ALLIOIK 
i » | ( ) 
4 i ) | K ) 
0 4 ( P ) 
t ) 4 ( ( ) 
0 4 ( R ) 
( I 4 ( P ) 
6 ( l ( ( ) 
0 4 ( R ) 
( ) 4 ( P ) 
0 I2(l(( ) 
0 0 4 (R) 
0 ( n 2 ( P ) 
4 0 ( 0 
0 120 (R) 
0 024(P) 
1 0 ( C ) 
0 4 ( R ) 
0 4 (Pi 
0 l(.(((C 1 
0 0 1 6 ( R ) 
0 ( )24 (P ) 
0 140(C) 
0 lOO(R) 
0 0 8 0 ( P ) 
!>poi test (R) R 
r td P Pink R 
Si Ivtnl 
D M I 
4 11(1 ) 
l>4(R) 
(1114(1') 
( ) 4 ( t ) 
4 0 ( R ) 
0 0 4 ( P ) 
4 ( l ( ( ) 
- t (>(R) 
0 4 ( P ) 
0 0X0(C ) 
0 0 1 2 ( R ) 
0 028 (P) 
0 2 8 0 ( C ) 
0 0 8 0 ( R ) 
0 024 (P) 
2 0 ( C ) 
1 0 ( R ) 
0 100 (P) 
0 (ISO (C ) 
0 0 ? 2 ( R ) 
0 0 0 8 ( P ) 
0 120(C) 
0 0<)0(R) 
0 0 6 0 ( P ) 
csin spot i tsi 
Red RV Red 
D M S O 
l ) 4 | i ) 
I14(R) 
( )04 (P ) 
U 4 ( t ) 
4 I I ( K ) 
0 0 4 IP) 
0 « ( ( ) 
0 0 4 ( R ) 
0 (MM (P) 
0 060 (( ) 
0 0 2 S ( R ) 
0 0 1 4 ( P ) 
0 240(C) 
0 0 4 0 ( R ) 
0 0 2 0 ( P ) 
0 100(C) 
0 lOO(R) 
OOSO(P) 
0 0 4 0 ( C ) 
0 0 3 2 ( R ) 
0 0 0 4 ( P ) 
0 ( ) 9 5 ( C ) 
0 0 7 0 ( R ) 
0 040 (P) 
( o ldur* 
OR 
OR 
OR 
V 
OR 
BV 
P 
RV 
C. 
BV 
RV 
R 
(S) SciKhi " (T) T w i n , / < ; / ' 
n o k l V VIDILI 
StrULlure 
proposed 
lor coloured 
species m 
D M S O 
l2 i ) 
( ' h ) 
( l a ) 
(5) 
(4) 
(3b) 
(1) 
(6) 
' (V) Verm i and 
Scnsilivi V 
le l iU\e 
U o l tu r lesls 
^^IS) 
"'(100 n) 
KKKV) 
650(C ) 
3MI(T) 
75 (V) 
40 (S) 
0) 
100 (V) 
250 (S) 
(T) 
(V) 
125(S) 
2500(T) 
250 (V) 
25 (S) 
25 ( f ) 
2 M V ) 
Duhey 
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\-ChhrQ-lAdinitrobenzene and \-fluoro-2,A-dinitro-
benzene 
These arc thought'-' to give the structures 
X = C1,F 
-^max = 500 nm 
(2a) 
= 600 nni 
(2b) 
2,4-Dinilroaniline'•* and 2,4-diniir(>phen\lhydrazine^ 
- N 
Xv 
NO 2 
A^. = 380,400,515nm 
(3a) 
2A-Dinitroioluene 
-imax = 640 nm 
(3b) 
This reaction is fairly complicated as it can give rise 
to deprotonation and base addition as well as radical 
formation. The reaction of/7-nitrotoluene with bases 
has been studied in detail"" and has similar spectral 
characteristics to that of 2,4-dinitrotolucne, so an 
analogous reaction sequence would predict the 
colour-forming species to be: 
NO, 
0, N ({ ^ )—CH 
OglM 
:CH IMG-
A„,, = 630, 650 nm 
(4) 
3,5-Dinitrobenzoic and 
The colour in this reaction is most probably due to 
base attack on the conjugate base of the acid: 
CO, 
,3.5-Trimtrohcn:c'ne^ *• 
The colour is due to base addition: 
(6) 
Reactions involved 
The reactions on which this spot-test is based are 
rather different from those on which the original 
spot-test was based. This is because the presence or 
absence of acetone has a profound effect on the 
nature of the colour-forming reaction, and hence the 
colour produced. In the presence of acetone "Jan-
ovsky" adducts are formed, e.g., from 1,3-dinitro-
benzene: 
CHjCOCHj 
In the absence of acetone the adducts will result from 
base attack:^ *• 
(5) 
H OR 
2,4-Dinitrophenol and picric acid do not give a 
colour under the reaction conditions. The test can be 
used for virtually all dinitro and trinitro compounds 
having two nitro groups in the mera-position, and is 
expected to be extremely sensitive. 
A novel feature is the "pellet" spot-test, which 
gives maximum sensitivity, because of interfacial 
effects and the very high surface concentration of 
hydroxide ions. 
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A NOVEL AND SENSITIVE SPOT-TEST FOR 
m-DINITROAROMATICS AND THEIR DERIVATIVES 
WITH SODIUM SULPHITE AND 
DIMETHYLSULPHOXIDE 
SAEEDUZZAFAR QURESHI, PUSHKIN M . QURLSHI* and ShrwA HAQUI 
Department of Chemistry, Aligarh Musliin University, Aligarh 202001, India 
{Receiiedll April 1984 AciepleJ 17 Jul\ 1984) 
Siiiiim«ry—Sodium sulphite has been used for a very sensitive chdracterization of/w-dinilroaromalics and 
their derivatives, with dimethylsulphoxide as solvent 
The interaction of bases with polynitroaromatics is a 
fascinating field.'"' i o r quite some time we have been 
explonng the analytical potential of such reactions.^' 
A significant and possible use of these reactions is for 
detection and determination of 2,4-dinitrophenyl 
(DNP) derivatives of amino-acids. Virtually all pub-
lished tests for /M-dinitroaromatics can, after suitable 
modification, be used for the determination of DNP 
derivatives. 
However, because of the variation in the colours 
given by different w-dinitroaromatics, the tests can-
not be used as general tests for the group 
identification of /n-dinitroaromatics and the corre-
sponding DNP derivatives. For example, we have 
re-inv^stigated the reaction of sodium hydroxide with 
m-dinitroaromatics and their derivatives' and found 
that by a novel "alkali pellet spot-test", they can be 
detected at the nanogram level, and though the test 
is highly sensitive and useful for these compounds it 
is unUkely to be useful for DNP derivatives, because 
the colour produced depends on the substituents iii 
the 1-position and hence the test is unlikely to be vci> 
characteristic of the 2,4-DNP group It is therefore 
difficult to predict the effect ol the substituent at the 
1-position on the colour produced in this and related 
methods. 
Though the reaction with sodium sulphite has been 
studied for a few polynitroaromatics, there has been 
no detailed investigation and as far as we are aware 
these reactions have not been used in organic anal-
ytical chemistry. An alternative test with sodium 
cyanide' is unattractive because of the poisonous 
nature of the reagent, and here again the colour 
produced is dependent on the substituent at the 
1-position. 
The analytical potential of sulphite has therefore 
been investigated. The test is more sensitive than all 
•Address for correspondence Pushkin M Qureshi, A-3 
Professors' Bungalow, Medical CDIIcge Enclave 
A.M.U.. Aligarh-202001 (U P) India 
Others except our recent method* but has the distinct 
advantage of appearing to be specific for the 
2,4-DNP moiety and therefore usable as a character-
istic and specific test for the detection of 2,4-DNP 
derivatives of amino-acids. 
EXPERIMENTAL 
Materials 
Most nilroaromatics tested were Merck guaranteed re-
agents and used as received Some were BDH laboratory-
reagents grade and were recrystallized by standard pro-
cedures until the melting points were in agreement with 
literature values. The dimethylsulphoxide (DMSO) was a 
Baker "Analyzed" reagent. Merck acetone, BDH Analar 
dimethylformamide (DMF) and BDH sodium sulphite were 
used 
Procedures 
(a) Transfer 1 /jl of the test substance onto a while spot-
plate, followed by I /d of a saluraled sodium sulphite 
solution in conductivity water Note the colour Repeal with 
ihe addition of 1 jxl of DMSO, acetone or DMf re-
speclively The colour of the product is deep or light violet 
III each case 
(h) Place a lew resui heads (Amberlile IKA 400. t l 
form) in (he depression ol a while spot-plate Add I ^1 <i( 
the lest substance, tollowed by the other reagents as de-
scribed in method (a) 
RtSUI.l.S 
A number of other types of organic compounds 
were found not to interfere with the test They 
included carbohydrates (xylose, starch, galactose, 
maltose, fructose, L( -I- )-arabinose, lactose, glucose, 
rhamnose, sucrose), acids (acetic, formic, tartaric, 
phthalic, pyrogallic, oxalic), alcohols (isopropyl, 
ethyl, methyl, 2-methylisopropyl, amyl, isoamyl), 
heterocyclic bases (pyridine, piperidine), aldehydes 
(formaldehyde, acetaldehyde, benzaldehyde, paral-
dehyde, p-chlorobenzaldehyde), ketones (aceto-
phenone, cyclopentanone, cyclohexanone, propio-
phenone, benzophenone), hydrocarbons and their 
derivatives (benzene, xylene. «-dichlorobenzene, 
bromobenzene, toluene), ethers (diethyl anisole. 
51 
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Table 1. Limits of detection, ^g/fxl 
Compound 
I-ChIoro-2,4-dinitrobenzene 
1 -Fluoro-2,4-dinitrobenzene 
2,4-Dinitroaniiine 
3,5-DinUrobenzoic acid 
2,4-Dinitrotoluene 
2,4-Dinitropheny!hydrazme 
/n-Dinitrobenzene 
1 .•S.S-Trinilrobenzene 
2,5,7-Trinitrofluorenone 
Acetone 
- ( C ) 
0 2(R) 
~{C) 
0 2(R) 
- ( C ) 
4(R) 
- ( C ) 
~ ( R ) 
- ( C ) 
- ( R ) 
- ( C ) 
4(R) 
- ( C ) 
1(R) 
0 3(C) 
0 2(R) 
0.1(C) 
0.1 (R) 
Solvent 
DMF 
0 8(C) 
0 2(R) 
3(C) 
0.1 (R) 
- ( C ) 
0.4 (R) 
~ (C) 
0.8 (R) 
- ( C ) 
0.8 (R) 
- ( C ) 
2(R) 
0.8 (C) 
0 1(R) 
0.2 (C) 
0.1 (R) 
DMSO 
0.6 (C) 
0.1 (R) 
1.5(C) 
ai(R) 
- ( C ) 
'0 2(R) . 
- ( C ) 
0.4 (R) 
- ( C ) 
0 4(R) 
- ( C ) 
1.6 (R) 
0.4(C) 
O.I(R) 
0.1(C) 
0.1 (R) 
Colour 
(V) 
(V) 
(V) 
(OR) 
(V) 
(V) 
(V) 
(RV) 
(PV) 
Sensitivity relative 
to other tests 
200 (T) 
10 (VD) 
12.5 (T) 
2.5 (VD) 
5(VD) 
12 5 (T) 
12 5(VD) 
12 5 (T) 
12 5(VD) 
Abbreviations—(C) Conventional spot-test; (R) Resm spot-test, (T) Tiwari et a/.;'" (VD) Verma and Dubey;" (V) violet, 
(OR) orange; (BV) blue violet; (PV) pmk violet. 
l,4-(iioxan), amino-acids (DL-tryptophan, L-lysine, 
DL-phenylalamine, L-histidine), artilides (acetanilide, 
benzaiiilide), nitrites (aceto-, benzo-), amides (ace-
tamide, bcnzamide), amines (trimethyl, triethyl, 
methyl, diethyl, anilme, diphenyl), phenols (phenol, 
/n-cresol, resorcinol), chloroform, carbon tetra-
chloride, urea and thiourea. 
The limit of detection for a number of nitro-
compounds was determined and the results are sum-
marized in Table 1. 
DISCUSSION 
Table 1 shows the resin spot-test to be much more 
sensitive than the conventional spot-test and DMSO 
seems to be the solvent of choice, in agreement with 
the solvent effect on anionic er-complexes. An inter-
esting feature was that compounds containing an 
electron-donor group, such as 2,4-dinitrotoluene, 
2,4-dinitroaniline and 2,4-dinitropheny!hydrazine do 
not give a colour in the conventional spot-test but do 
on the resin. This is because the electron-donor group 
enhances the electron density withm the ring, which 
is otherwise depleted by the two nitro-groups. In 
these cases the resin seems to play a .specific rote. 
With 2,4-dinitroaniline for example, the /witterion 
canonical form in the tautomcnsm-
NO 
can react with hydroxide ion to give an anion: 
NO, 
OH 
In the reaction wiih sulphite, however, addition 
seems more hkely than proton loss, but because of the 
increased electron density within the nng (caused by 
the electron-donating amino group) anion addition 
can take place only with difficulty. However on the 
large positively charged matrix of the anion-
exchanger the aniline loses ittuch of its excess negative 
charge to the matrix, thereby facilitating anion addi-
tion and giving a positive test response on the resin 
surface. 
Work reported by others' ' ' points to sulphite 
addition: 
0 , N 
N O -
Since all the polynitroaromatics tested give a blue 
violet colour, the test seems to be independent of the 
substituent at the 1-position, and the colour seems 
specific for detection of the m -dinitroaromatic moi-
ety 
Aikn,)Hledgemcn!<:~The duthori thank Professor Wasiur 
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